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Tue stndy of the past is deeply interesting, and the consideration 
of the present in reference to it is even more so; but they lose a great 
part of their profit unless they are pursued with an eye to the 
future. 

This is true with regard to all trades and professions, all arts and 
sciences; but it is more especially true in reference to military 
affairs. The different operations of war on a large scale recur only 
at uncertain periods; and that nation which has most profitably 
employed an interval of peace in preparing—both theoretically and 
practically—for a future period of war, has great advantages when 
the time of trial arrives. 

VOL, Il. R 








226 EFFECT OF THE MODERN RIFLE 


The necessity of preparation for future war, indeed, does not 
require to be substantiated by argument. It is acted upon toa 
great extent by our administrators in the experiments that they 
sanction for the improvement of guns, mortars, and rifles. It is 
admitted in the establishment of that most important school at 
Hythe, where the British soldier is so ably instructed in the use of 
the valuable weapon with which he is now provided. It is admitted 
also in the training of the Artillery at Woolwich, and the Engineers 
at Chatham; it is aimed at in the new arrangements at Sandhurst, 
which do not appear as yet to be altogether perfect; and it is the 
object of all the important, though perhaps sometimes somewhat 
uninteresting, exercises, that every recruit has to go through before 
he can be considered as transformed into a “ set up” soldier. 

The different means of preparation for future war have received 
a greater share of attention in this country since the late war with 
Russia fortunately dispelled the illusions of universal peace, which 
a previous forty years’ tranquillity had tended to produce. And, 
looking to the present aspect of affairs in Europe, it would appear 
that the present is not a time in which we should spare either pains 
or expense in making ourselves ready at all points for whatever 
may occur. I say, at all points, because the efficiency of an army 
depends in a great measure upon the completeness of all its depart- 
ments. Just as with the body, in which the most useful parts are 
not necessarily the most comely, so with an army in the field—the 
more ornamental parts of it are comparatively useless, unless they 
are efficiently supported by those which are sometimes less esteemed ; 
and, to be thoroughly serviceable, it must be compounded, in proper 
proportions, of cavalry and infantry, of military train and hospital 
train, of artillery and engineers, and last, but not least, of a good 
commissariat, with ample transport, and a good medical staff. There 
is no one principal arm, as has been foolishly asserted, any more than 
another; but each department should do its best to make itself as 
perfect as circumstances will permit, and all should act harmoniously 
together under constituted authority for the common good. 

The spirit of progress is now not only abroad, but is even ram- 


pant—so much so that inventors are come to be looked upon as a 


pest, and improvers as a nuisance; and it is a matter of great con- 
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gratulation that this Institution is awake to the requirements of the 
times. It is capable of contributing in an important manner to the 







































increased efficiency of these various departments, and it is taking 

the proper measures to secure that object, by the re-arrangement of 

its Museum, by the publication of its proceedings, and by inviting 

ry lectures, papers, and discussions, upon all matters connected with 
' naval or military operations. 

In order to second the efforts which are being so laudably made 
by its managers, and in order that advantage may be taken of the 
opportunities which it presents, it is evidently desirable that officers 
from the different branches of the service should step forward in this 
place, and should give the result, each of his own studies and reflec- 
tions, as to the experience of the past, the doings of the present, and 
the preparations which are required to be made for the future; and 
that they should thus contribute, each to the best of his power, to 
the efficiency and wellbeing of his own department, in such a way as 
shall be best calculated to promote the general good. 

If every department would thus come forward, we might hope to 
counteract here, in some measure, the spirit of unreadiness, which 
has been proverbially inseparable hitherto from the movements of 
British armies at the commencement of active operations in the field, 
and which is attended with difficulties which Anglo-Saxon energy, 
freedom, wealth, and perseverance combined, alone could overcome. 

In making an attempt of this sort to-day, in compliance with a 
request which was made me on behalf of the Institution between 
two and three months since, I have selected a subject of the greatest 
interest and importance in my own department ; and I propose, in 
treating it, to glance briefly at the general principles of fortification, 
and their detailed application to old sieges, and then to review at 
greater length some of the operations of modern sieges, together 
with the changes that have become necessary in those operations, in 
consequence of the invention of superior weapons, and their intro- 
duction into common use. 

I mainly purpose, in an elementary manner, to show what new 
application of old means are required to meet new difficulties. 

The subject which I have selected, however, is one into which it 


behoves British engineers, of all others, to look closely. It is always 
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more probable that they will be employed in the attack, than in the 
defence of places; first, because we have not many to defend; and 
secondly, because, as long as we retain the command of the sea, 
those maritime fortresses which we do possess are not likely to be 
subjected to a prolonged attack. 

The attack, then, which is the most important, the most difficult, 
and the most dangerous branch of military science, being a principal 
business of the British engineer, it behoves him, as I said before, 
closely to examine into any change that is likely to be made in it, 
and studiously to inquire into the bearing upon it of any alteration 
in the effects of the weapons employed. If that change be in his 
favour, he must take advantage of it; if it tell against him, he must 
either contrive to neutralise it, or he must lose ground. And this 
is more than an engineering question,—it is a national question; 
for any change that is of advantage to our arms in the mode in 
which they are most likely to be employed, must tell to our national 
advantage; and any alteration, on the contrary, that affects inju- 
riously our military operations, must inevitably tend to lower our 
prestige, and to render us less able to cope with our enemies. 

We had the advantage of hearing, in an able lecture from Colonel 
Wilford last year, the result ofthe changes that have lately been 
made in the soldier’s musket,—that the soldier has now been pro- 
vided with, and is being taught to use, a weapon which is effective 
at about six times the distance of the old ‘“ Brown Bess,” which was 
in use a few years since. The range and penetration of the Enfield 
rifle, and the range of the Whitworth rifle, are given in the table here 
shown, according to the latest and best information that I have been 
able to obtain. The penetrations are taken from experiments which 
have been lately made by Captain Whitmore, R.E., at Chatham.* 

This vast improvement in the ordinary weapon of the soldier 
will, no doubt, cause an alteration in the proportions of future 


fortifications: it has, indeed, actually done so in those which are 


Range of Brown Bess. Enfield Rifle. Whitworth Rifle. 
Yards. Yards. Yards. 
*Accurate fire . ; ‘ . Pi 600 900 
Effective against workmen : - 150 800 1200 
Effective against column . : . 200 1000 1500 
MAXIMUM 
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projected in this country at the present moment; and it will also 
somewhat change the system of defence, by increasing the number 
and importance of outworks, detached works, and all works of a 
slight character, as well as by causing the employment, as at Sebas- 
topol, of rifle-pits and screens to a much greater extent than they 
were ever used before. 

Mr. Whitworth’s rifle, too, with its increased accuracy, its longer 
range, and with more than twice the penetration of the present 
weapon, will, when it is introduced into common use, cause still 
further alterations in these points; and all that we can say regard- 
ing the Enfield rifle will, @ fortior’, be more than true of that won- 
derful weapon, and of any, still superior, which may follow it. 

We must not now, however, go into the regions of speculation as 
to what is to be, but must confine ourselves to present weapons, and 
to existing rules for attacking fortifications; and we will commence 
by saying a few words generally on the subject of attack and defence. 

The general principles of attack and defence have been the same, 
are the same, and must continue to be the same, in all ages. The 
detailed application of those principles varies from time to time, 
according as improvements are introduced in the weapons employed, 
or as new means of construction or destruction are invented. 

The general principles are these:—In the defence, a weaker party 
places itself under cover behind certain obstacles, which it interposes 
Maximum Penetration of ENrie_p RIFLE, as determined by Captain Wuit- 
MORE, R.E., at ranges of from 20 to 200 yards. 


Sand-bags . ‘ . ; : . 12 inches, 
Rammed sandy earth ° ‘ . . 16 inches, 
Ordinary soil in parapet F . F . 3to4 feet. 
Solid oak (across grain) ‘ : ° - 4 inches, 
Ash, eim, beach p s : ° . 4 inches, 
9 in, fascines ° ° : . - not proof, 
Full gabions, 2 in. diam, earth rammed é - barely proof at diam. 
Ditto ditto, not rammed ° ° . + not proof, 
Rope mantlets, 13 1bs, to square foot . . 38 bullets out of 9 stopped. 
Sheet plates, } in. thick, 101bs, per square foot (homo- 
geneous) . ° ° ° ; . bulged, but not cracked, 
with lead balls. 
Ditto ditto, fin. thick, 15lbs. per square foot . unaffected by lead balls; 


slightly marked by steel 


tips. 
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between itself and the stronger party; and it uses its best endea- 
vours, with such weapons as it can command, to prevent the stronger 
party from overcoming those obstacles. 

In the attack, the stronger party endeavours to destroy, or to 
pass, the obstacles behind which the weaker party has taken refuge; 
and, in doing so, to use his own weapons to the greatest advantage, 
at the same time that he covers himself as best he may from those of 
his adversaries. - 

These being the universal general principles of attack and defence, 
we will next consider the detailed application that has been made of 
them in different ages, dividing our subject into, 

ist. Weapons, 

2dly. Obstacles, 

8rdly. The means of overcoming them. 

First, as regards the weapons. The sword, the spear, the javelin, 
the club, the axe, and their varieties, for offence; and the shield for 
defence; have been used in all ages. Archery also has been prac- 
tised from the time of the Egyptians to the present day. Eighteen 
hundred years before Christ, Jacob requested Esau to take his quiver 
and his bow, to go into the field, and to procure him some venison, 
that he might eat savoury meat, and bless him before hedied. Between 
1300 and 1400 years after Christ, the valour and skill of the English 
bowmen and cross-bowmen were principally instrumental in gain- 
ing the glorious battles of Cressy, Poictiers, and Agincourt; and 
these weapons are even now used by many savage nations. The 
Jews, however, were principally remarkable for their slingsmen. 
We all remember David's victory over Goliath, by means of his 
shepherd's sling, and a smooth stone from the brook; and we read 
in 2 Chronicles, of “700 chosen left-handed men, who could sling 
stones at a hair’s breadth and not miss”—and a most valuable body 
of sharpshooters this was, no doubt, to form part of the Jewish armies. 

What was called the artillery of these old times was not always 
very heavy artillery, for we are told on one occasion that Jonathan 
gave his artillery to a lad to carry-into the city for him; but we 
read, on the other hand, that Uzziah, in the year 826 B.c., made 


“‘ engines, invented by cunning men, to be on the towers and upon 


the bulwarks, to shoot arrows and great stones withal;” and we 
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know that at a later dave the catapulta, the balista, the scorpion, and 
the battering-ram, were used with great effect. 

The three first, called by the general name of Tormenta, were 
used for throwing darts, stones, beams, and other things of all sizes 
from two pounds up to three hundredweight. 

The battering-ram was a swinging beam with an iron head, used 
for destroying walls; and walls only of huge thickness, built with 
enormous stones, were capable of resisting its destructive effects. 

The employment of these machines was only discontinued some 
time after the discovery of the use of gunpowder in the year 1820, 
and since then guns, mortars, howitzers, and rockets, have come into 
use, for breaching walls, ruining defences, destroying cities, acting 
against bodies of troops, sinking or setting fire to ships, and other 
purposes. 

Archery, too, after reigning for thirty-two centuries, has been 
superseded amongst all civilised, and some uncivilised, nations, by 
what are called small arms, which were constructed, with smooth 
bores about the year 1378, which have been since rifled in different 
ways with grooves twisting down the barrel, and which have at 
length arrived at such a pitch of perfection that the only difficulty 
is to make the soldier shoot as accurately as the weapon with which 
he is provided. 

So much for the weapons; and now for the obstacles that have 
been presented in different ages by the weaker party to the stronger 
party proceeding against them. 

In speaking of stronger or weaker parties we do not, of course, 
mean that which is stronger or weaker in point of numbers, but 
that which is stronger or weaker in respect to its organisation, the 

energy or ability of its leaders, its equipment, the courage and 
confidence of the individuals composing it, and the various other 
considerations that oblige a desponding party to seek refuge in 
fortifications and entrenchments from another which is more con- 
fident in itself. To cite only one or two of the most modern 
instances in which numbers have had nothing to do with strength, 
we may mention the taking of Delhi, with its garrison of 40,000, by 
a besieging army of 10,000; the relief of Arrah; the two reliefs of 
Lucknow; the taking of Canton, and the many other proceedings in 
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the East, which exhibit the superiority of the Anglo-Saxon Christian 
race, and which bear the impress of the finger of Providence as 
clearly as the escape of the Israelites from Egypt, their victories on 
their entrance into the promised land, or any of those other wonderful 
events which formed of old more directly the subject of inspired 
prophecy. The weaker party is simply, therefore, that party which 
cannot stand, or is afraid to stand, before the other in the open field; 
and the stronger party that which is but awaiting the opportunity 
to attack, and is confident of defeating, its enemy, if only it can get 
at him. 

To return, then, to the obstacles which may be used by the 
weaker as a protection against the stronger party. These are of two 
kinds—natural and artificial. 

Natural obstacles may be comprised under the general heads of 
rocks, swamps, and rivers; artificial obstacles principally under 
those of walls, of whatever material, and ditches, though other minor 
artificial obstacles are also of great service. 

Those obstacles which are constructed in a more substantial 
manner, for a permanent object, have the title of permanent fortifi- 
cation, and those which are intended to fulfil only a temporary 
purpose, field fortification. 

As the most wonderful example of the obstacles formerly em- 
ployed, may be mentioned the walls of Babylon, the city so cele- 
brated for its hundred brazen gates, its hanging gardens, and its 
river embankments. These walls were built of brick laid in 
bitumen, and are stated by Herodotus to have been 45 miles round, 
300 feet high, and 75 feet wide, and by more moderate authors to 
have been 34 miles round, 150 feet high, and 32 feet wide. 

The permanent obstacles erected at Jerusalem consisted of three 
walls, except where the city was encompassed by impassable valleys, 
and in those parts only one wall existed. ‘The first wall had forty 
towers, the second wall had sixty towers, and the third wall had 
ninety towers, 100 yards apart; and it was 9,000 yards long. 

The third wall, or new wall, begun by Agrippa, would, according 
to Josephus, if it had been properly completed, have made the city 
impregnable. It was 15 feet wide, and was connected together by 
stones 30 feet long and 15 broad, upon which neither iron tools nor 
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battering rams could have had any effect. It was built up by the 
Jews to a height of 30 feet, with battlements three feet higher, and 
turrets 4 feet 6 inches above them, making a total height of 37 feet 
6 inches. Three enormous towers, also, are represented as having 
been built by Herod. 

Such were the permanent obstacles used in ancient times to 
protect cities from foreign aggression. We cannot but look back at 
them with wonder and respect. 

The obstacles employed in modern times consist, as we all know, 
of earthen parapets and small ditches, added to any timber or other 
obstructions that may be at hand, for field operations; and of earthen, 
stone, or brick parapets and ramparts, with large dry or wet ditches, 
for permanent works; the different portions being so disposed in the 
best works as to defend each other, and to afford a heavy fire on an 
enemy attempting to pass any of the ditches, or to scale any part of 
the ramparts. 

We arrive now at the next branch of our subject—the means 
that have been used by the stronger party for overcoming these 
obstacles. 

In dealing with it we will review shortly the history of a few 
early sieges. Passing by the siege of the strong fortress of Saba, by 
the Egyptians under Moses, in the year 1582 B.c., we come to about 
1450 years before Christ, when Joshua and the Israelites appeared 
before Jericho. We are told that they compassed the city for seven 
days, and that on the seventh day, as they shouted and blew their 
trumpets, the walls of the city fell down before them. 

Some 260 years after this, occurred the memorable siege of Troy, 
which lasted, as every one knows, for nearly ten years, and was only 
terminated, as is reported, by a stratagem. The account of it as 
given by the much admired heathen poets, contrasts curiously with 
that above referred to, as handed down to us by the inspired writer. 
In the one case a miracle was performed, and the walls of a city 
fell before the chosen people. In the other case the various results 
are throughout attributed to the influence of the heathen gods and 
goddesses; who are divided amongst themselves, and.are continually 
scheming to outdo each other; who assist, cure, or rescue their 
favourites, as occasion reqiires; and who take so direct a part in the 
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contest that even the Goddess of Love is wounded by a mortal 
hand. 

They could afford to dispense with breaching-batteries or breach- 
ing-machines in those days, for we find the Trojan champion hurl- 
ing a mass of rock at the gates and forcing them open with a 
frightful crash, while his comrades form a breach by manual labour 
in the fortifications with which the Greeks surround their ships.* 
Apollo, also, at a later period, in a sort of imitation of what had 
been done at Jericho, pushes over with his own hands “ the work of 
thousands,—the enormous mound,”f and 


Then with his hand he shook the mighty wall, 
And lo! the turrets nod, the bulwarks fall. 


After this time of fable, mortal means were devised for overthrow- 
ing walls, and for discharging large masses of wood, stone, and other 
material. We have already spoken of the year 800 B.c., when 
Uzziah made use of engines invented by cunning men for purposes 
of defence, placing them upon the towers and upon the bulwarks, to 
shoot arrows and great stones withal. Amongst other cities, this 
king took and brake down the wall of Ashdod, in the land of the 
Philistines, which is otherwise called Azoth, or Ezdud, or Azotus, 
where Samson is supposed to have put an end to himself and his 
enemies, and where Philip descended after he was caught up by the 
spirit during his interview with the eunuch. 

The walls of this place, however, must have been afterwards re- 
built with good effect, for Herodotus tells us that it was only taken 
by Psammitichus the Powerful, of Egypt, after a siege of 29 years. 
This is a long period for a siege, but Herodotus appears to have he- 
lieved it, and he remarks in regard to it, “ I know not that any town 
ever sustained so long and obstinate a siege.” 

Jerusalem, the holy city, has been taken altogether twelve times; 
six times before the Christian era, and six times since; and has been 
twice “ made desolate.” 

In the year 588 3.c. Josephus says that Nebuchadnezzar was very 
intent and earnest upon the siege of Jerusalem, and the mode in 


* Book xii. line 537. + Book xii. line 407. 
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which this siege was conducted is well worthy of our attention.* He 
made a number of banks of earth all round the city of the height of 
the city walls, and he erected towers upon some of these from which 
he repelled those within the walls. The garrison and those within 
the walls were not however discouraged at first, either by the famine 
and the pestilence, or by the contrivances and engines of war which 
were brought against them. On the contrary, they contrived other 
engines to oppose to those of the Babylonians, and, as Josephus says, 
it became a struggle of sagacity and skill between the two. At 
length the Jews had experienced such loss by famine, and by the 
darts which were hurled at them from the Babylonian towers, that 
the city was taken, eighteen months after the commencement of the 
siege. 

How much do the banks of earth thrown up round the city, and 
the towers erected against it, by Nebuchadnezzar, remind us of the 
approaches and the trench cavaliers of the modern siege! 

3ut the most remarkable in every sense of ancient sieges, was the 
siege of Jerusalem by Titus; and the graphic account of it given by 
Josephus is one of the most interesting military records in existence, 
We must say one or two words about it in this place. 

We have already spoken of its three walls; of the enormous stones, 
30 feet long and 15 feet broad, which they contained, and of its high 
towers; and we must remember that the Jews, as well as the Ro- 
mans, possessed engines in no small number, as Josephus says, for 
throwing darts, stones, and javelins, 

Having made a reconnaissance with 600 select horsemen, in which, 
by-the-by, he was nearly captured by the Jews, ‘Titus formed three 
different camps in the neighbourhood of the city, which he fortified 
with walls. 

He found that the greater part of the first wall of the city was too 
strong to be shaken by his engines, but he discovered that like most 
places it had a weak point, and, according to the first maxim which 
Vauban laid down 1500 or 1600 years afterwards, against that he 
directed his attacks. 

He raised his banks against this weak place, and, with his mecha- 
nical artillery and small arms, he opposed the fire of the Jews. He 


* Antiquities, lib. x, cap. viii. sec. 1. 
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was able to throw stones weighing upwards of a hundredweight for 
a distance of more than four hundred yards, and he sometimes thus 
destroyed many Jews at one blow. 

At first these stones were of a light colour, and the Jews were 
able to see them, and, shouting ‘‘The sun cometh !” to get out of 
their way; but they were afterwards painted black, and were then 
not so easily avoided. 

The banks being finished, and the fire of the Jews being, to a-great 
extent, kept under by that of the Romans, the battering-rams were 
set to work, though with but little effect at first, on account of the 
strength of the wall and the obstinate resistance of the Jews. But 
the Jews being greatly annoyed by three towers which the Romans 
had erected, 75 feet high, which fired into their defences, and which 
could not be overturned for their weight, nor fired into for their 
height, nor set fire to on account of the iron plates with which they 
were covered, the rams were enabled to work on, until at length the 
first wall was breached, on the 15th day of the siege. 

Similar operations were conducted against the other walls, during 
which endless struggles occurred, and alternate victories were 
gained; during which the operation of mining, even, was successfully 
resorted to by the Jews, to destroy one of the Roman banks; and 
during which the most awful sufferings were endured in the city 
from famine, and numberless stratagems were resorted to; until at 
length Titus got into the city, and, much against his will, but in 
the fulfilment of Divine prophecy, totally destroyed it. He caused 
a total loss to the Jewish party of 1,100,000 of those who were 
originally shut up in the walls, including those who fell by intestine 
fights, by famine, by disease, by crucifixion or other massacre, or 
in fight with the Roman soldiers. 

These having been the methods pursued in ancient sieges, we will 
now pass to the operations of a modern siege, as laid down by the 
great Vauban, and as they remain, almost unaltered, to the present 
day; and we will consider as we proceed the effect upon them of our 
new weapon. 

The first operation is the investment, which is effected by cavalry 
or light infantry, or both, as the arms which move with the greatest 


rapidity. The object is, as much as possible, to ‘surprise the 
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garrison and take them off their guard; and for this purpose demon- 
strations are sometimes first made in other directions, or against 
other fortresses. The place to be attacked is then suddenly sur- 
rounded, communication with the exterior is cut off, any portion of 
the garrison, their animals, or their means, which may happen to 
be a little way off, are shut out, and their resources are, from that 
time forth, limited to those which they may have previously 
possessed. 

In this operation, the rifle will be employed, by the garrison in 
keeping the investing party at a respectful distance, by the latter in 
confining the garrison to their works. The garrison will have it in 
their power to construct detached works on a more extended scale 
than formerly, and to defend them more efficiently, both from them- 
selves and from the body of the place; but, on the other hand, the 
besiegers will be able to render the communication with such works 
more difficult by day, and they will be able to confine the garrison 
to their works by night, almost as before. At this stage, the advan- 
tage from the use of modern rifles will doubtless rest with the 
garrison, in consequence of their superior knowledge of the ground 
and their previous preparations, though not probably to any very 
serious extent. 

The besieging army will then be encamped in appropriate situs 
ations, the communications between the different corps composing it 
will be arranged, the necessary materials will be collected, and all 
will proceed in the usual manner. 

The next duty to be performed is the reconnaissance. 

From the period of the investment to that of the opening of the 
trenches, it is the duty of the engineers to make themselves acquainted, 
by personal observation, with the fortress itself, and with the ground 
by which it is surrounded; and upon the accuracy and care with 
which this is done must depend in a great measure the value, so to 
speak, of the attack—its duration, the loss of stores, or the loss of 
life which it may demand, and even, in many cases, its success or 
its failure. ; 

Though plans or maps may be procured of most countries and 
most towns, yet they require much correction and verification ; and 
much new matter must be added to them before they can be made 
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perfect for the purposes of a siege. The General, therefore, for his 
own information, as well as the engineers for theirs, must approach 
more or less closely to the works, before the mode of attack can be 
decided on; and the less accurate and the less perfect is their pre- 
vious information, the more does it become necessary for them to 
do so. 

Now, in writing on the defence, Vauban recommends the garrison 
to keep a sharp eye upon any individual who may approach the 
works at this period of the operations, and points out that, as such 
an individual will probably be a general or an engineer of high 
standing, due attention should be paid to him. It cannot be doubted 
that this advice will be carefully followed for the future. Every 
soldier in a properly armed garrison will have the means of inter- 
fering with the observations of these officers, both from the ramparts 
and from any advanced posts that may be found convenient for the 
purpose; and it cannot be supposed that he will neglect to use those 
means to the best of his power. 

Under the régime of the new rifle, it will therefore become much 
more difficult to obtain, in time of war, an accurate kaowledge of a 
fortress and of the surrounding objects than it has hitherto been; 
and, as such knowledge is of vital importance to the operations, it is 
necessary to consider how this difficulty may be met. 

One mode of meeting it would be by previous preparation—by 
collecting in time of peace correct plans of all the fortresses in 
the world, together with reports upon them, and, in fact, all the 
information in regard to them that it is necessary to be possessed of 
in time of war; and by recording it, and having it ready for use 
when wanted. This might be done without much difficulty; and it 
would certainly be worth a vast deal more to obtain such informa- 
tion, than the pay and expense of the two or three officers who 
might be employed in procuring it. 

This is a delicate subject to enter upon at greater length in 
public; but it is an exceedingly important one, and well worthy of 
the attention of those in whose power it is to cause such information to 
be collected; and it is clear that by this simple means the disad- 
vantages which we should otherwise labour under in a future 


reconnaissance would be more than counteracted. 
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The reconnaissance being finished, and the mode of attack decided 
on, the next operation, after sufficient stores, materials, and muni- 
tions, are collected, will be that of breaking ground. 

On the night appointed for this purpose, the engineers proceed, as 
soon as it is dark, to mark out the first parallel and its approaches 
with pickets and tape; and, the troops forming the covering-party 
being placed 100 yards or so in the rear, with strong guards the 
same distance in front, the working parties are posted and set to 
work with as little noise as possible. 

The rule given for the first parallel is, that it should be as nearly 
as may be 600 yards from the place, because the workmen are at 
that distance out of range of grape and musketry; because that is an 
advantageous distance for the first batteries and for steady howitzer 
practice; and because sorties are difficult to be carried out so far 
from the works. But this distance must, of course, vary according 
to circumstances; and sometimes even no first parallel at all is 
required, when the ramparts may be breached from a distance, when 
a garrison is weak, or when circumstances are favourable for a more 
speedy mode of operations. And here I ought to observe that the 
rules of attack to which I refer are very far from being absolute, and 
are mere samples or illustrations of what may be necessary under 
ordinary circumstances, though they are, at the same time, open 
to discussion in the general way in wich I propose to consider 
them. 

At Sebastopo! the first parallel was constructed at three times the 
given distance from the works. 

The besiegers labour, however, under very great disadvantages 
when they are obliged to construct their first parallel at much more 
than 600 yards from the place, firstly, because they have then to 
expend a greater quantity of ammunition to produce a given effect; 
secondly, because they are obliged in that case to work up the extra 
distance, in subsequent approaches, when the garrison are better 
prepared for them, and when their ground has become circum- 
scribed, and because extra time, extra labour, and extra life are 
thereby sacrificed; so that it is exceedingly important not to break 
ground at a greater distance from the fortress than is absolutely 


necessary. 
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On the other hand, it must now be remembered that every soldier 
in a well-provided garrison will have the means of firing effectively 
upon the workmen at a distance of at least 800 yards; and it must 
be added that the experience at Sebastopol has shown that grape- 
shot may now be employed with advantage at more than double the 
range (300 yards) formerly assigned to it. 

The question therefore arises: —Must we in future break ground 
at a greater distance from the place, so as to be out of the range 
of grape and musketry, or can we contrive any means by which it 
will be possible to construct our first parallel within the range of 
those weapons ? 

This is one of the most important questions that the modern rifle 
introduces to us, and it is deserving of our very best attention. 

In answering it there are several points to be considered, which 
we will now take, sertatim. 

These trenches, when completed, form a road 10 feet wide and 
3 feet below the surface, with the earth thrown to the front to form 
a protecting parapet. A portion of the work only is expected to be 
executed on the first night, although at times nearly the whole may 
be completed, when the night is long, the soil is light, and the 
workmen are good. On a moonlight night of course such work 
cannot be attempted. 

It has been always an object to execute these works by surprise, 
and to do as much as possible of them before their position is dis- 
covered by the enemy; but the days of surprise in this matter must 
probably be considered as gone by. It is clear that when a garrison 
had comparatively little power of doing mischief to their assailants 
during the opening of the trenches, and none of preventing that 
operation, it was not so much worth their while to trouble them- 
selves about it, and it was not, therefore, such a difficult matter to 
execute it unobserved; and the want of power is probably one great 
reason why, in former sieges, garrisons have permitted the works 
of besiegers to progress with so little opposition; but when the 
garrison is possessed of ample means of hindering the works of the 
besiegers, if they only keep a good look-out by day, and make free 
and constant use of their light-balls by night, and direct their fire 


upon those points where it is from time to time required, then the 
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besiegers can no longer calculate upon being permitted to take the 
same liberties in their approaches, or to evade the vigilance of their 
opponents. Indeed, it would now be disgraceful for a garrison at 
the commencement of a siege, with its works untouched, its men in 
perfect security, firing from behind uninjured loopholes, to permit 
the works of the attack to be carried on in the way in which they, 
have hitherto been done, just for want of a little vigilance on their 
part. 

There are two principal means that the besiegers may make use 
of, under these circumstances, to enable them to obtain cover more 
quickly, and thus to establish themselves with greater facility in the 
neighbourhood of the place—the use of gabions, and the employment 
of a sufficient number of workmen well trained to the duty which is 
required of them. 

Gabions are amongst the most useful of siege stores, and they 
have been employed in sieges for the last 250 years.. Up to the 
year 1853 they were made of wicker-work, but in that year it was 
proposed to make them of plain sheet-iron when they were only 
required for a temporary purpose, and of galvanized sheet-iron when 
required for permanent use. They have since been made of various 
shapes, and in various ways. At Sebastopol, when there was a great 
want of them, the haybands were randed, as it is called, round 
upright pickets, at the suggestion of Capt. Elphinstone, R.E., and 
they were used by Colonel Chapman, R.E., with good effect; and more 
recently a gabion has been proposed by Sergeant-Major Jones, of the 
Royal Engineers, which appears to be well liked in many respects, 
constructed with wrought-iron bands and twelve upright pickets. 
Several thousand of the sheet-iron gabions were prepared for ser- 
vice in the Crimea on the urgent representations of Sir Harry Jones, 
the then Commanding Royal Engineer, but unfortunately they did 
not arrive there until after the conclusion of the siege. 

The first parallel has usually been constructed hitherto without 
gabions, because it has not been thought necessary to sacrifice them 
for this purpose. But as a workman may get under cover in one- 
third of the time, by the use of gabions, that he can without them, 
by the method called flying sap, it is clear that it will be desir- 
able to use them for the future in the first parallel, and that a much 
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larger supply of them will be required in future operations than has 
been employed, or has even been obtainable, in previous sieges. 
They are often difficult to procure at sieges, and the preparation 
of a sufficient quantity of them always takes up much valuable 
time. In the sieges of the Peninsula there seem never to have 
been enough of them, and the lives of the soldiers were con- 
tinually sacrificed for want of them. As an illustration of this, we 
may quote what Sir John Jones says in regard to the siege of 
Burgos in the year 1812. He remarks, “ There being no gabions to 
spare for this service, the men were set to work uncovered, but the 
fire of the place was immediately concentrated on the spot, and in a 
few minutes, several men having been killed and wounded, the 
attempt was relinquished.” 

This is an extreme example of what happens more or less in all 
cases in which the supply of gabions is deficient, and the cases are 
rare indeed where there have been a sufficient number of them 
in British sieges. The smallness of the force employed, the want 
of time for preparing them, want of transport, scarcity of material, 
and other circumstances, have almost invariably, and will probably 
again invariably, prevent their being furnished on the spot in proper 
quantities; and the inevitable result is the sacrifice of an article 
which may be estimated, singly, to be worth, in money value only, 
a thousand of them—viz. the British soldier. 

As Sir John Jones well says, “ Indeed, there is nothing more 
certain than that the reduction of a fortress must be paid for in 
materials or men, and that to save the one the other must be 
freely sacrificed.” The great object in all the operations which 
Vauban so excellently contrived, and so clearly explained, and which 
serve, with but little alteration, as our guide in the present day, was 
to save men at the expense of materials and labour; and in studying 
his works now, we cannot fail to see how he would expand the 
principles which he has laid down to meet the new state of things 
—how he would meet new difficulties by means of new resources— 
how he would provide better cover, and cover more quickly obtained, 
when he found that better protection was required from superior 
weapons—and how he would teach his men to employ the means 
with which he provided them to the best possible advantage. 
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To show his views on the subject, we may quote just one passage 
amongst many which occur in his “‘ Instructions pour la conduite 
des Siéges.” (p. 15.) 

“The bad habit that the French have of posting the men un- 
covered, causes considerable disorder. If that were an absolute 
necessity, and if there were no other way of advancing the works, 
then it would have to be done, and with patience. But, since it is 
not impossible to push forward the trenches with the same rapidity 
without exposing the troops, is it not a horrible cruelty to place four 
or five hundred men every night under the fire of a whole fortress, 
without one of them being able to cause the same amount of risk to 
the enemy? 

“For at the time of greatest dangers, and when the whole place 
is on the look-out to destroy us, we can neither proceed with our 
works nor return the fire of our enemies, so that our workmen and 
our covering parties being protected by nothing but the obscurity of 
the night, which is often too clear, are miserably killed by the 
enemy, who pick them off at pleasure.” 

This description of our great master in the art of attack, applies 
most appositely to what would happen to troops commencing a first 
parallel, in the manner now laid down, under the fire of the mus- 
ketry of the place. 

As gabions are those materials which enable the working parties 
to get under earthen cover, or, in other words, to provide a parapet 
of earth between themselves and their enemy, in the least possible 
time, so they are also those of which it is most important now that 
there should be an ample supply; and as they may be made of 
metal in any quantity in this country, and in a most portable form, 
there will be no excuse for any future loss of life, or failure of ope- 
rations, that may occur from the want of them. Their weight and 
their cost will alike be trifling in comparison of the supply of heavy 
guns and weighty ammunition which becomes necessary in modern 
sieges, and, where the one can be transported, the other can follow 
without difficulty. 

A greatly increased supply of gabions and other entrenching ma- 
terials becomes, therefore, a necessity, and a partial remedy, which 
will enable the besieger to get under cover in the first operations of 
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a siege, in about a third of the time that he has hitherto been able 
to do so without them; and we must now pass on to the next sub- 
ject, which is the much-vexed question of soldier labour. 

In speaking of the faults that are committed in the construction 
of the trenches, in the third chapter of his “ Memoire,” Vauban re- 
marks, in regard to the French soldiers— 

“ One fails always by a want of capacity in the workmen, who 
are simply idle soldiers, harassed with work and watching,~ and 
wanting in vigour on account of the little rest and the bad nourish- 
ment that they are able to obtain.” And he then alludes to the 
difficulty of getting the trenches properly constructed under these 
circumstances, and of the frequent impossibility of getting for his 
works anything like the number of men that are required for them. 

In our own service, it is a well-known fact that the average labour 
of a soldier in trench-work does not amount to a quarter that of 
a navvy; and that this should be, and must be, the case, is very 
easily explained. The navvy is accustomed to dig, gains his liveli- 
hood by digging, eats and drinks well and largely, sleeps undis- 
turbed, and gets his labour’s worth in wages. ‘The soldier, after he 
becomes a soldier, is unaccustomed to dig; he enlists, perhaps, be- 
cause he does not like digging; he has his peculiar duties to per- 


ging; 
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form, and his idle time to waste, and these unfit him for dig 

he wears out his clothes by digging, and he gets no great induce- 
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nent to dig in the way of extra pay; his food is not suited to hard 
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digging; and, thus unprepared, he is suddenly employed in the 
trenches, at work which he has not been previously properly trained 
for. 

This, I think, will be admitted to be the true state of the case; 
and what are the consequences ? Why, that the soldier is four times 
as long at work in the trenches, and perhaps four times as long 
under fire, as is necessary. It does not require much to prove, 
therefore, that another means of counteracting, in the attack, the in- 
creased efficacy that the modern rifle has acquired in the defence, 
would be by employing workmen who can dig faster than the sol- 
dier of the Line does at present, men who are trained to dig, are 
paid to dig, are fed to dig, are clothed to dig, and who are meant to 


dig under fire. A move in this direction was made, as all will 
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remember, during the late war with Russia, and a large body of 
navvies was sent out from this country, to assist in the operations 
before Sebastopol. But these men were unfortunately sent out on 
the understanding that they were not to serve under fire, and they 
were not even permitted to be armed in their own defence when the 
position of Balaklava was threatened by the Russians. These men 
were very useful, no doubt, for the purpose for which they were 
more especially sent out, but they are not by any means the men 
that are required to fulfil the object we now have in view. The 
men who would throw up trenches in future sieges must be soldiers 
as well as diggers; their particular duty must be to work with the 
greatest possible rapidity under fire, as well for their own safety as 
for the prosecution of the works; and, whether they be trained sol- 
diers of the Line, or whether they be Sappers, they must, and in 
that case they will, be as ready to fight when it is necessary for 
them to do so, as to carry out the still more important work of 
entrenching themselves in the least possible time, and constructing 
gradually the covered road along which only the besieging army 
can expect to march successfully to the conclusion of its labours. 

There are two points, then, in which the present system may be 
improved, and by means of which the effect of the modern rifle may 
be most materially counteracted, viz. an organized supply from home 
of additional gabions ‘and other entrenching materials, and the 
employment of a sufficient body of regular digging soldiers; and 
these two measures combined, will enable much to be done easily 
that has hitherto been attended with difficulty. But these two mea- 
sures, of themselves, will hardly suffice to enable the besiegers to 
break ground as near to the place as is desirable ; and yet another 
is wanting, which we will now proceed to consider. 

The main object of the first parallel and its approaches, is to 
screen the movements of the besiegers and their position continually 
from the view of the garrison, They are not intended to be shot- 
proof, and it would be mere waste of labour to make them so. Some- 
times the mere boundary-wall of a field, as at the blockade of Malta 
in 1800, or anything that obstructs the view of the garrison, is made 
to answer the purpose for a short distance; and it is evident, that, 


however well-directed the fire of the garrison may be, they can do 
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but little harm with it, unless they have the means of ascertaining 
with some degree of accuracy the position of their assailants, and of 
the objects at which their weapons should be pointed. This being 
the case, it is equally evident that mere screens of canvass, or any 
other suitable material, would be of great use in temporarily ob- 
structing the view of the besieged, and hiding from them the move- 
ments and projects of the besiegers, for a sufficient time to enable 
the latter to throw up parapets of a more permanent nature. Such 
temporary screens might be made to cover a considerable space, very 
much greater than that required for the operations of the besiegers, 
and, like false attacks, they might be erected for the purpose of mis- 
leading the garrison, in places where they would serve no other 
object. 

The greater the efforts made by the garrison to destroy such tem- 
porary screens, the better for the besiegers. Shot, shell, and musket- 
balls would alike be wasted in such an attempt, and, as I shall im- 
mediately explain, sorties to the distance of 600 yards and upwards 
would be equally unprofitable. 

The mode in which such screens would be applied will easily be 
perceived. As soon as the investment is completed, and the besieg- 
ing army is properly encamped, with its communications established, 
and all things ready for subsequent operations, a few miles even, if 
necessary, of canvass, prepared with a non-inflammable composition, 
7 or 8 feet high, or more or less, according to circumstances, would 
be stretched in suitable situations, and would be maintained, re- 
paired, and renewed, when in any way damaged by the enemy. 
They would be in sufficient number, and so placed as, to conceal the 
situation, not only of the first parallel, and the approaches imme- 
diately in rear of it, but of all those between it and the camp which 
it might be necessary to construct in the first instance, and of all the 
batteries communicating with the first parallel ; and they would be 
maintained as long after the completion of the trenches, as it might 
be considered desirable to use that means of concealing their exact 


positicn from the garrison. 

The only mode in which screens of this description could be de- 
stroyed in a wholesale manner would be by sorties. But a sortie to 
such a distance from the place would be highly dangerous, and 
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would be fatal, under proper arrangements, to the party making it. 
Covering parties would be posted at intervals behind the screens, 
concealed from view, and provided with the means of ingress and 
egress. The garrison leaving their works by day would be subject 
to a deadly fire from the hidden sharpshooters of the besiegers, and 
would hardly escape destruction ; and if the advanced pickets were 
properly provided with combustibles, to which they might set fire 
as they retreated on the advance of the enemy at night, the party 
making the sortie would not be likely to fare much better after 
sunset. 

In fact, these screens, whilst effectually obstructing the view of the 
garrison, could not be destroyed or materially injured by them, 
without a larger expenditure of men and material than they would 
justify, considering the facility with which they might be renewed 
by the besiegers, and the comparatively small amount of labour and 
expense that this renewal or repair would require. 

By these three measures, then, the employment of screens, the 
employment of professional diggers, and the extended use of gabions 
and other intrenching materials, the working and covering parties 
of the besiegers might be concealed from the view of the garrison, 
they would be enabled to execute more work with greater rapidity, 
and they would have it in their power in one night to get permanent 
cover, and to complete their first place of arms, and the approaches 
to it, or at all events such portions of them as they might have 
enough workmen to allot to. And, as far as this first operation of 
breaking ground is concerned, it would appear, therefore, that by 
these simple means 1s much may be done, and even more, than in 
the same time, and wt the same distance from the place, under the 
old system. 

The cost of doing this would be in no respect commensurate with 
the object to be gained, or the work to be performed. Six thousand 
square yards of coarse canvass to the mile, with supports, and 
2,600 iron gabions to the mile, at £15 per 100, and weighing 
100 to the ton, would cost together £1,200—canvass £800, and 
gabions £400, per mile. The cost of professional diggers, 1,000 to 
the mile, would simply be the employment of an additional number 


of Sappers, or trained men of the Line. They would in most kinds 
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of soil finish the whole of the first parallel and its approaches, alto- 
gether, in six hours, though it takes at present sometimes two or 
three times as long to execute them. The workmen would not be 
obliged to withdraw from their work by daylight; and, after the 
completion of the first parallel, the batteries in front of that parallel, 
and the trenches which form their communications with it, which 
would in the meantime have been traced out, could be at once com- 
menced by the next relief, and they could be carried on until they 
were completed, armed, and ready to open fire, which would be, 
perhaps, a day or two sooner than under the old system. 

When the first parallel, the approaches in rear of it, and the 
batteries connected with it, have been completed, the screens which 
interfere with the lines of fire must of course be removed, and the 
besieger being thus established in the neighbourhood of the place, 
with cover for his men, and with his guns, mortars, and muskets all 
in full play upon the fortress, it must become (when he raises his 
mask, as it were) a struggle of artillery with the garrison, as to 
1 shall subdue the fire of the other; and the subsequent opera- 
tions must depend mainly upon which of the combatants can acquire 
and maintain the superiority. If the besieger, then the fire of the 
garrison will be more or less checked, the defences ruined, and the 
loopholes and embrasures more or less destroyed, and under these 
circumstances the trenches may be pushed rapidly forward; if the 
garrison, then the siege can only progress under very serious 


difficulties. 

Rifle-pits, as well as screens, will probably be used at this stage 
of the proceedings by both parties, but there seems to be no reason 
why the side on which the superiority of fire, and particularly of 


artillery fire, lies, should not gain t 


he greater advantage ir the 
employment of both these means. 

All further approaches must, however, be conducted by some 
method like the regular sap, or by small portions at a time of flying 
sap, a plan that was very generally adopted in the British trenches 
during the operations before Sebastopol. 

Vauban says, in No.7 of his general maxims, “One ought to 
employ the sap as soon as the trenches become dangerous, and 


never to do uncovered, or by force, that which may be done by 
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industry, because industry always acts with certainty, while force 
does not always succeed, and is ordinarily attended with much risk.” 
He then describes the sap, which he says is the head of a trench 
progressing foot by foot, both by day and by night; and he adds, 
that, though it may not appear to make much progress, it does so in 
reality, “parce qu'elle marche toujours.” 

The common sap in use in our own service, which is much the 
same as that of Vauban, is worked by four men. The first man 
rolls a large cylinder, called a sap-roller, in front of him, and, work- 
ing kneeling, he places gabions in the line of the trench, one after 
the other, as fast as he can fill them, without exposing himself to 
view. The men behind him perform their allotted tasks, of widen- 
ing and deepening the trench, and thus completing the parapet, and 
they change places every hour, or oftener, according to necessity. 

As Vauban recommends, sand-bags may be placed between the 
joints of the gabions to prevent the musket-balls from penetrating 
between them, and the sand-bags may be moved forward as fast as 
the trench is completed, so that 100 sand-bags will serve for each head 
of sap. Thus worked, the sap was formerly safe against musketry, 
though it could not, of course, make head against artillery. 

But now that the rifle used by the soldier has a greater power of 
penetration, and so much more accuracy, this mode of working has 
become much more hazardous, and it will not progress so rapidly, 
if, indeed, it will be able to progress at all, because the leading men 
will be constantly disabled by the fire of the garrison; so that it 
becomes necessary to consider what means may be taken to improve 
it, and to render it more secure. 

This may be done in two ways, either by providing a temporary 
cover within the parapet, which the workmen may be able to move 
forward continually, as they progress with their work, and under 
cover of which they may proceed, as before, secure from musketry 
fire; or else, by the use of mantlets outside, and a few yards in front 
of the trench, which mantlets must be capable of moving sideways 
as well as forward, and be worked so as to keep pace with the pro- 
gress of the sap, by men stationed behind them for the purpose. 

The latter of these two methods appears to be the most feasible; 


and it would have the great advantages of enabling the workmen to 
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place several gabions at a time instead of one only; of enabling them 
to work in larger numbers, and in greater security; and, what is 
more important than all, of enabling them to carry the trench 
forward with much greater rapidity. These mantlets need not be 
very portable, nor need they be capable of being moved rapidly: all 
that is necessary is, that they should be musket-proof, about 6 feet 
high by 2 feet 6 inches broad, should be placed on wheels, and 
should be movable slowly in any desired direction, each by one 
man. They ought also to be furnished each with a couple of loop- 
holes, for the purpose of observation, as well as to enable its occupant 
to fire when necessary towards his front, without exposing himself. 

In this way the sap must proceed, under cover of the best fire 
that the besiegers can maintain on the place, until the further ap- 
proaches, batteries, parallels, and demi-parallels, and perhaps trench 
cavaliers, are constructed, and until the covered way is reached, and 
surrounded as far as may be desirable. Then comes the operation 
of taking possession of the covered way, which may either be done 
by assault or by industry; and here it may be observed, that, 
whereas it was desirable to act by industry in former cases, it be- 
comes a necessity to do so now, and that this operation, as well 
as all the future operations of the siege, such as the establishment of 
the breaching-batteries if the ditch be dry, or the arrangements for 
crossing the water if the ditch be wet, the establishment of lodg- 
ments, and so forth, can only be performed in future by means 
of ample supplies of materials in the hands of able and skilful work- 
men, under the protection of an overwhelming fire from the besiegers 
upon the garrison. 

In fact, it may he generally asserted, that, against a garrison armed 
with modern rifles, and able to use them, the methods of attack by 
force, necessarily employed for the most part during the Peninsular 
War, for want of trained workmen and of materials, can never be 
resorted to in future; and there can be no doubt that, unless a 
besieging army be well supplied in these respects, fortifications of a 
low order will henceforth be capable of most obstinate, and probably 
of successful, resistance. 

But, on the other hand, there seems every reason to believe, that 
if only forethought were exercised, and if proper attention be paid 
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to the several matters here adverted to, the capture of a fortified 
place need not now be attended with much greater loss of life, or 
loss of time, than heretofore. 

I will now proceed to make a brief summary of what I have 
said, and of the conclusions which may be deduced from it. 

In the most ancient times, a weaker party was able to protect itself 
behind obstacles which a stronger party had no means of destroy- 
ing ; and the weapons principally employed were not even effective 
against shields, or other means of defence, which could be carried 
about the persons of the combatants. Then came battering-rams, 
by which all ordinary obstacles could be destroyed; and larger 
engines of war, by which much damage could be done by the one 
party to the other at a distance. To meet these improved weapons, 
walls of greater dimensions were constructed, and the duration of 
sieges was still prolonged over lengthened periods. 

The next great event was the introduction of gunpowder, which 
made it possible to destroy exposed walls from a distance, and 
which, by its violent effects, abolished the use of defensive armour. 

This shortened the duration of sieges most materially ; but, by 
sinking the walls below the level of the ground, the weaker party 
obliged the stronger party still to approach them, as Nebuchadnezzar 
and Titus had done, behind banks, before they could destroy their 
means of defence. 

Now, however, a new state of affairs altogether has arisen. A 
weapon which every soldier may carry about with him deals out 
destruction to man and beast, blows up magazines, and penetrates 
all moderate substances at distances as great as the eye can reach, 
and with greater accuracy than the hand can follow. 

As the first invention of gunpowder shortened the duration of 
sieges, by enabling the stronger party to destroy the obstacles of the 
weaker party with greater facility, so these new inventions threaten 
to lengthen them again, by enabling the weaker party to keep 
the stronger party more effectually at a distance; and as improve- 
ments in heavy artillery have always told in favour of the stronger 
party—and will do so until it becomes impossible for them to trans- 
port from place to place a greater number of guns of equal quality 
than those which the weaker party can profitably employ against 
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them—so also improvements to this extent in musketry, as well as 
any further improvements that may be made in it, must tend to 


give even temporary obstacles an importance that they never 





possessed before, and to increase the advantage derived by the 
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veaker party from permanent fortification. 

There appear, however, to be remedies easily available, by which 
this threatened superiority of the defence in sieges may be in a 
creat measure counteracted. For, inasmuch as the value of the 
rifle depends mainly upon the possibility of objects being seen by 
the weaker party using it, so it becomes possible for the stronger 
party, hiding behind screens, to evade the effect of it. But, inas- 
much, also, as the workmen of the stronger party cannot remain 
uncovered before it for the shortest space of time, without great risk 
of destruction, so also those men should be employed in sufficient 
numbers who can get under cover in the shortest possible time; and 
they should be provided, in ample quantities, with such materials as 
will enable them to do so. 

These conclusions appear to me inevitable; and it certainly 
seems highly probable that an attention to them, or neglect of them, | 
will involve either the failure or success of any future siege opera- 
tions which we may be called upon to prosecute. 

The continual exploits of our officers and men in distant lands 
belie the fact which the previous experience of the world tended to 
establish—that military prowess lay rather with semi-barbarous 
nations than with those in the highest state of civilization; but even 
British officers and soldiers, when uncovered, cannot expect to face 
the modern rifle with impunity, when it is used by marksmen firing 
from loop-holes. And such an operation as that of marching 280 
yards uncovered, in broad daylight, to attack an entrenched position, 
vill hardly, when it comes into full use, be again attempted. 

The operations of a siege which will principally be affected by 


the modern rifle appear to be those of reconnaissance, breaking ‘ 
eround, and sapping; and it is evident that the rifle must tend 
generally to necessitate in future the employment of what Vauban 
calls “industry,” and prevent the employment of “ vive force,” 
whether in taking possession of a breach, or in any other part of 


the attack. 
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And, to counteract the tendency of the modern rifle to retard the 
operations of a siege, it seems to be necessary— 

Ist. To collect in time of peace such plans and such reports as 
may be required in time of war. 

2ndly. To provide in time of peace a sufficient supply of pro- 
fessional diggers, who may be available in time of war. 

3rdly. To train these professional diggers to the use of screens and 
mantlets carefully adapted to conceal and protect them from rifle fire. 

4thly. To provide a besieging army in future with far larger 
supplies of gabions and other entrenching materials than they have 
ever had before, and to depend less upon obtaining them at the 
scene of operations. 


Wednesday, April 21st. 


COLONEL THE HonouraBLe J. LINDSAY in the Chair. 


THE PRINCIPLES OF MILITARY AND NAVAL HYGIENE 
REQUISITE FOR PRACTICALLY IMPROVING THE 
SANITARY CONDITION OF BRITISH SOLDIERS AND 
SAILORS AT HOME AND ABROAD. 


By Dr. Biro, F.R.G.S. 


Tne two former Lectures which I delivered in this Institution on 
the principles of medical geography—first, in their relation to 
climatic influence from the equator to the poles; and second, the 
practical application of those principles, or the measures necessary 
for neutralising hurtful agencies, among soldiers and seamen in all 
climates—had for their object a general review of the external and 
internal causes which maintain or injure the health of military and 
naval masses under all circumstances, but more especially in oreign 
climates. But just in proportion as each individual profession, apart 
from the general principles of hygiene, exerts a special influence on 
those who follow it, so the military and naval professions, of which 
the conditions are so various, present in this respect subjects of 
special interest, quite distinct from those of public hygiene, of which 


they are, however, only branches scientifically cultivated, in the lumi- 

















254 DR. BIRD ON 


nous and laborious works of military medical authors, before public 
hygiene had even an acknowledged place or existence. “ Public 
hygiene,” says Dr. Levy, ‘a science born but yesterday, requires, 
like medical statistics, general facts, authentic figures, positive data, 
which, when compared, grouped, and elaborated by intellect, conducts 
to the discovery of the regulating laws of society. Private hygiene, 
limited to the body’s organic structure, investigates the several parts 
of the human frame placed under the influence of modifying agents. 
Social hygiene embraces a class of men, a community, a nation— 
the whole human race. It is not satisfied with approximations, with 
which the other is often obliged to be content, in studying all the 
material, intellectual, and moral influences which affect the social 
body, not only with the object of its common preservation, but also 
for the end of improving our species in all their conditions of 
existence. It is doubtless far from possessing the materials neces- 
sary for settling all the questions which come within its domain, but 
statistics have worked it out, in the hands of the active and ingenious, 
by means of numerous documents that lie dead and scattered through 
collections and works little familiar to the generality of medical men, 
and by deductions of the highest importance they have made, and 
which cannot be contradicted by future researches. The fit time 
has then come for bringing together and arranging the results, in 
order to concisely sketch out a plan of social hygiene.” But neither 
can social, military, nor naval hygiene be ever effectually worked- 
out, or efficiently applied for improving the health and condition 
of those classes whom they concern, without requisite executive 
authority and means being delegated to those who, by their intel- 
lectual acquaintance with sciences of which hygiene is but tributary, 
can rightly comprehend the sources of disease in various situations, 
or duly apply such knowledge for the removal of its preventible 
causes. The practical labours of the scavenger and engineer are 
merely means to an end in scientific hygiene, which, borrowing 
materials from anatomy, physiology, meteorology, and physics, 
assimilates them for the purposes of induction, and converges them 
to its sole end—the prevention of disease. 

It is necessary thai hygienic art, in order to be sound and efficient 
in application, should have its foundation on scientific sanitary 
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principles, well investigated, and not on vague and hap-hazard 
notions of the origin of disease and the causes of insalubrity. Both 
military and naval hygiene then, in their widest acceptation, while 
seeking to discover the sources of unhealthiness among soldiers and 
seamen, both at home and abrozd, necessarily embrace in their 
investigations the geographico-iueteorological agencies of tropical, 
temperate, and polar zone conditions, with the attendant circum- 
stances of varied dietetic means, the state of the body’s excreting 
organs, the operation of varied kinds of dress and effects of bathing, 
the moral and intellectual influences, the effects of active and 
sedentary employments, the physical results of exercise, and the 
generation of specific contagious or infectious diseases. It will 
at once be evident that to secure the proper investigation of such 
things, and to obtain the correct deduction of sanitary principles, 
a high position must be assigned to medicine in the sanitary 
councils of the Army and Navy, and to those capable of-elaborating 
these principles, to whom also must be conceded authority necessary 
for carrying them into practical effect. 

Hygiene, both in its theoretical and practical aspects, is all-im- 
portant to mankind in their several relative positions; being not 
only the most valuable but main end of medical science, namely, 
the prevention of disease, and the diminution of mortality at all 
ages. But, under some of its numerous subdivisions, as the subjects 
of food proper for persons of different habits and ages, different 
climates and seasons, or different states of health, along with the 
influence of climate, seasons, and situation on age and disease, a 
scientific knowledge of hygiene and its principles has an all-important 
value and utility, in the executive departments of curative as well as 
preventive medicine. Yet no one would dream of withholding from’ 
the practical physician any portion of his therapeutic authority 
and means necessary for the due administration of his scientific 
skill ; while every day’s experience shows us, that, both in this 
country and abroad, and more particularly in the departments 
of the Army, the elaboration of scientific principles of hygiene is 
left to the medical profession, while the executive department of 
prevention is almost exclusively confided to laymen, who must 
necessarily be only partially, if at all, familiar with the recondite 
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principles of scientific hygiene. The evils of such a system, or the 
entire subordination of medical officers to the military and civil 
elements, and the entire negation of medical counsel, have been 
frequently manifest in the executive departments of our own Army; 
but they are yet more striking in the details of Dr. Scrive’s Medico- 
Chirurgical History of the French Campaign in the Crimea. Here 
the sanitary condition and mortality of the French army, of which 
more than ten from twenty thousand soldiers, admitted for typhus, died 
during the months of January, February, and March, 1856, may well 
entitle us to ask why should this mortality have happened among 
the soldiers of a nation whose medical oflicers, as a body, have 
written on hygiene, in all its subdivisions, more elaborately and well 
than those of any other nations of Europe; and are, perhaps, more 
thoroughly acquainted than we are with its scientific principles? 
Typhus affected nine-tenths of all the patients who passed through 
the field hospitals, and nine-teaths of the mortality occurred from 
typhus alone. The stifling condition of the places where the sick 
were first treated was frightful; the sick were much overcrowded, 
and destitute of everything necessary for their comfort, in the huts, 
tents, and trausports; there were no trained attendants, and such as 
were supplied were inadequate to the performance of duties imposed 
on them. The medical officers were insufficient in number for the 
duties that devolved on them, and being, as we learn from other 
sources than Dr. Scrive’s History, both overworked and unsupported, 
] 


looked on helplessly with all their knowledge in carrying out sani- 


tary protection against preventible disease. And why should this be 
so? Mainly, we believe, because the medical officers of the French 
army had not at their disposal sufficient executive means for maia- 
taining the sanitary condition of the soldiers, and because their posi- 
tion was such as could not enforce obedience to their orders, under a 
bad system of medico-military organisation, that strictly confines their 
duties and authority to the curative part of their profession, while 
they are subordinate, in all that concerns the art of prevention, to 
the Civil Departm nt of the Army, the ‘*Intendance Militaire.” 
These observations have for their object to place before you the 


mischief of separating sanitary science from sanitary art, in the 


organisation of health executive departments, where either ignorance 
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of the science of life and of health, or, what must be equally dis- 
astrous in result, knowledge without executive means to guard 
against hurtful agencies, must end in wasteful expenditure of the 
lives of our soldiers, both at home and abroad. Conviction of this 
truth brings me to the main subject of this lecture, namely-—that 
the principles of military and naval hygiene, comprehensively in- 
vestigated and satisfactorily reduced to proof by the numerical 
method, wherein statistical figures become exponents of results, are 
the only sure means of practically improving the sanitary condition 
of our soldiers and sailors, both at home and abroad. Selected, as 
our army departments are, from the picked and healthy part of the 
community, we might expect that, if ever sanitary science had 
favourable materials to work with for the prevention of disease, it 
would surely find them existing in the army; and that here, apart 
from the casualties of the battle-field and transition to foreign 
climates, we would naturally find a minimum of mortality. How 
different from this, however, are the results lately developed in the 
highly interesting and instructive Report of the Commissioners ap- 
pointed to conduct an inquiry into the sanitary condition of the 
British Army. We are here made familiar with the fact, that the 
mortality of our soldiers at home is double that of civil life, and 
that the ratio of mortality among the Guards is only equalled by 
that of those who follow “the most unhealthy of town occupations.” 
Some of our great army surgeons were long ago familiar with this 
truth—that the unhealthiness of men in the army exceeds that of 
the civil population. ‘The high ratio of military mortality, however, 
is not peculiar to the British Army alone. The causes that produce 
such results, and are complicated in operation, are not quite so obvious 
as the result; but the Commissioners endeavour to arrive at a know- 
ledge of them by grouping together certain statistical data, from 


which deductions are made.* Some of these may be well called in 


* The Sanitary Commissioners, reasoning on the causes of Military Mortality, 
have given too little attention to the aggregation of circumstances and employ- 
ments which make up the excess of military mortality; and by assuming, like 
Archimedes, a point on which to stand, or certain hypothetical comparisons, 
as between the “night duty”? of the Police and the Guards, without suffi- 
ciently testing the soundness of their comparison, by allowing for the greater num- 
ber discharged and invalided in the former corps, and the longer retention by the 
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question, I think, as resting on insuflicient data; while other 
concurrent sources of disease and mortality, as change from native 
climates and habits, overgrown stature, irksome weight of the ac- 
coutrements, unsuitable nature of the clothing to neutralise the 
influence of climate and season, the want of proper means of bathing, 
and still more the unvaried nature of the diet, are but partially 
considered, and not yet reduced to the strict investigation of the 
numerical method. The varied morbid elements of the economy, 
which are engendered by inattention to, and neglect of, such things, 
should never be lost sight of in any system of investigation to trace 
the causes of military mortality; as the real and practical end of 
hygiene is to modify original or acquired constitutional actions, and 
to neutralise hurtful agencies. The real conservative power of each 
individual constitution is indicated by the facility with which the 
organism adapts itself to the influence of new agencies and circum- 
stances; and the degrees of physical energy, with which it is capable 
of resisting the causes of disease, mark the greater or less perfection 
of its formation, and the proportion of its vitality. It is here that 
the interference of hygiene enables the body to accommodate itself 
to changed conditions, and to resist morbific influences. 

The secret agencies, both internal and external, which exercise a 
fatal influence over the health of our soldiers are many and com- 
plicated, and can only be ascertained by physiological investigations 
into the condition of the bodies acted on, aided by a comprehensive 
and searching application of the numerical method, to supply the 
exponent statistical figures and results. It is in no caviling spirit 
of complaint, therefore, that I notice these deficiencies and want of 
completeness in the Report of the Sanitary Commissioners on the 
British Army, to whose intelligence and practical labours both the 
army and the country are deeply indebted. The Commissioners 
trace the main causes of disease to—night duty; want of exercise 
and suitable employment; intemperate and debauched habits; 
crowding and inefficient ventilation; and nuisances from sewerage 
of barracks. Among these causes of mortality, prominence is given, 
and justly, to the last. The cubic breathing-space allowed by the 
engineer department for each man in barracks is from 400 to 900 


latter of chronic cases of disease on their muster-rolls, have arrived at some very 


startling conclusions in their Report, 
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feet; but in many of our English barracks even the minimum quantity 
is not secured. I have already in a former lecture pointed out that 
Tregold, on Ventilation, deems 600 feet necessary for the preservation 
of health, and that 800 should be adopted as a minimum for tem- 
perate climates, and 1,000 for that of tropical ones. 

In contending for the introduction of sound principles of hygiene 
into our military establishments, it is but justice to some of the 
regimental commanders, and also the health department of such 
regiments, to notice, that, in some of the unsparing remarks made on 
those who are assumed to possess means of prevention, a knowledge 
of the laws of mortality, applicable to the stature, habits, and pro- 
fession of soldiers, has been entirely overlooked. But, in estimating 
the ratio that military mortality bears to that of the civil population, 
it would be only justice to take into consideration all the inse- 
parable conditions of soldiers which determine their mortality. The 
statements of the low ratio of military health, in connection with 
intemperance, imperfect sewerage, and ill-ventilated barracks, are 
certainly somewhat overstated, when other unsalutary professional 
agencies have been scarcely noticed or taken into account. The 
aggregation of circumstances and employments makes up the general 


excess of professional mortality: and here it is a just remark of 


Mr. Neison, on Vital Statistics, that disparity of professional health 
is more attributable to the sedentary nature of employments, than 
to the peculiar local influences on health, that are within the scope 
of public sanitary measures. The military profession in all countries, 
as Dr. Levy remarks, augments the mortality, and lessens the average 
of life. The soldier’s sndden disruption, on enlistment, from all his 


former habits; his separation from all the former influences of 


locality, climate, and associations; with dietetic restriction to unva- 
ried forms of diet, and want of daily bodily exercise, exert a fatal 
power in impairing his health. Just in proportion, too, as his 
stature, weight, and bodily vigour may have been better or worse 
developed in the place of his nativity, according to the greater or 
less amount of pure air, nourishment, and comfort obtainable, so 
will the absence of all these exert a proportionably fatal influence; 
and those originally most healthy become, under altered conditions, 
very susceptible of disease. Mr. Neison, in his contributions to 
T2 





\ 
| 
| 
i 













260 DR. BIRD ON 


Vital Statistics, states the expectation of rural over city life, from the 
ages of 20 to 40, as being from one-ninth to one-tenth greater. It 
is not generally men of the largest stature, or those endowed with 
most muscular powers, who are the most healthy or the longest 
lived: and in reference to the high ratio of mortality in the Guards, 
20°4* per 1,000, this element has scarcely obtained proper considera- 
tion, Mean stature and weight may be taken as that which is 
generally associated with most bodily vigour. Dr. Levy, in his 
valuable and scientific treatise on public and private hygiene, 
remarks, that average stature is coincident with a generally healthy 
constitution, and vice versa. The picked men of the Engineers, 
Artillery, Sappers and Miners, of the French army, are nearly one- 
tenth larger in stature than those of the Infantry of the Line. Those 
select corps are not only less sickly, but have a smaller proportion 
of death, than the Infantry: and it is impossible, says Professor Levy, 
to look along the Lines without being struck with the difference of 
these two classes of troops. The very tall men, or Grenadiers, are, 
however, much less vigorous than the short thick-set men of the 
Light Cavalry, Chasseurs, and Voltigeurs. 

That the military profession augments the rate of mortality, and 
in direct ratio to the average mortality of the civil populations of 
France and England, may be seen by reference to Table II. The 
rate of mortality, per 1,000, among the civil population of England, 
is less than that of the Continental States generally. The average 
rate of English mortality among civilians of the army-age, according 
to the Registrar-General’s Report, is 9°2 per 100, and in the country 
alone 7°2. General Tulloch has taken the average somewhat higher 
than this: but, on comparing the civil mortality of England and 
France, this bears a striking relative proportion to the mortality of 
the English and French armies, indicating that the military mor- 
tality of both is relatively dependent on the peculiar influences of 
military life. It is important to know, however, that causes of pro- 
fessional unhealthiness can be lessened, by securing for those subject 

* This ratio of mortality is the average of all ages, from 20 to 40, given in Sir 
Alexander Tulloch’s Second Return, Appendix LXI. being the results from Ist 
April, 1837, to 31st March, 1847; but in Appendix LY. prepared from the War- 
office Returns, from Ist April, 1839, to 31st March, 1854, the mortality of the 
Guards is only 19°5; but from 1826 to 1836, or 11 years, the average of Cavalry 
and Dragoon was only 9°57, and of Line Infantry 11-0 per 1,000, 
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to their influence greater degrees of comfort from good diet, suitable 
clothing, means of cleanliness, airy apartments, and regular exercise. 

I have thus briefly touched on some of the peculiar circumstances 
which render military service, at home, unpropitious to health: and 
though much may yet be done to improve the condition of the 
soldier, to render him less susceptible of attacks from zymotic 
diseases, and lessen the rate of his mortality, by judicious applica- 
tion of sound principles of hygiene, I am not sanguine enough to 
believe that this rate can ever be brought so low as that of civil life, 
or of the Navy; in which branch of the service there ought to be 
no endemic sources of disease; the hygienic arrangements are so 
improved, and the rate of mortality brought so low, as to leave 
scarcely anything to be desired or hoped for, as long as the now- 
applied principles of naval hygiene are continued and maintained. 
I concur, however, in opinion with the Sanitary Commissioners, that 
the present rate of mortality in the Army is not unavoidable, and 
that the proper application of sanitary science, to the condition of 
troops at home, may be followed, though not to the same extent, by 
similar satisfactory results as have followed their application abroad. 

On the subject of applying hygienic principles for improving the 
sanitary condition of soldiers abroad, whether in peace or in war, 
I have yet a few observations to offer additional to those made in 
my last year’s lecture, and since printed in the Journal of the United 
Service Institution. 

The population of every country, and also of every district, bears 
unmistakeable impressions of the places inhabited, and of the cus- 
tomary climate and seasons; things not unknown to Hippocrates, 
who observes, “‘ that where the weather is most changeable, and the 
difference between one season and another is greatest, there the 
habits, customs, and natures of the people will be found most at va- 
riance.” Such differences seem connected with differences of phy- 
siological condition, as pointed out in my first lecture on the geo- 
graphy of disease; and are inseparably associated with a higher or 
lower rate of mortality according to the local circumstances of soil, 
mephitic marshes, less or greater elevation and latitude, drainage, 
diet, and modes of living, or social and moral habits, In tropical 
and warm climates the average of human life, under equal circum- 


stances, is short; but in northern elevated countries it is greater, 
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Insular maritime climates possess the conservative influence of the 
more elevated and cold northern ones. M. Moreau de Jonnes gives 
the following table, quoted by Dr. Levy, respecting the average 
mortality according to latitude:— 


From 0° to 20° of latitude, 1 death to 26 of the population. 


one Onn 
» 20° to 40 - ere 355 3 
f° 4, 4° 9 
3 40° to 60 ” 1 ” 43:2 ” 
»» 60° to 70° ” 1 ” 50 ” > 


In France, also, the difference in the average mortality of its 
southern and northern provinces, which is as 1 in 83 of the popula- 
tion to 1 in 44, shows the immense influence which climate exer- 
cises in the distribution of mortality, independent of the original 
physiological conditions of various races. 

I endeavoured to explain in my former lecture the action of hot 
climates on the body of the newly-arrived European, and its physio- 
logical results. These may be stated briefly to be, 1. the elevated 
temperature of the body; 2. the depressed rhythm of the circula- 
tion and respiration; 3. the dilatation of both solids and fluids; 
4, debility of the digestive power, and of the locomotive organs, ex- 
ternal and internal; 5. superabundant exudation of perspiration, 
and concurrent concentration of other secretions; 6. congestion of 
blood in the liver and spleen; 7. nervous irritability, followed by 
greater or less degrees of pallor and bloodlessness. 

‘hanges in the physiological condition of European constitutions, 
marked as these are under transition from temperate to tropical cli- 
mates, must of course be followed by a corresponding increase of 
military sickness and mortality, more particularly in times of war, 
when, from the overcrowded and ill-ventilated state of the trays- 
ports, improper or salt diet on shipboard, the exposure and priva- 
tions incident to predisposed and unacclimated masses in new loca- 
lities, multiply the foci of disease, and exalt the rate of mortality, 
In every country the native races are more healthy than recently- 
arrived strangers, whose constitutions, before acquiring adaptation 
to differences of latitude, climate, and locality, necessarily undergo 
certain physiological changes that become main causes of disease 
and mortality among troops recently removed to new climates. But, 
when the transference of masses is accompanied by inattention to 

their diet and want of ventilation on shipboard, the ratio of sickness 
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and mortality becomes greatly increased. Our own military medical 
histories of expeditions and wars, from 1795 to 1810, supply us with 
many illustrations of these truths; and Dr. Serive, in his History 
of the French Army in the Crimea, recognises over-crowding, and 
the want of comfort for the troops on shipboard, as no small element 
of their future sickness and mortality. 

Intemperance and debauchery aggravate the evils of transference 
in all climates; but the causes of increased mortality in hot climates, 
and among men between the ages of 20 and 40, are not to be sought 
for solely in dissipated habits, but in noxious influences of locality 
and climate. 

Assistant-Surgeon Balfour, of the Madras Army, justly observes, 
that if individual imprudence, and not climatorial influence, caused 
the increased ratio of mortality in India, how is it that the best-paid, 
hbest-lodged, most abstemious and temperate of Indian residents, the 
members of the civil service, present a high rate of mortality? While 
the average mortality in England from 1801 to 1832 was only 9°1 
per 1,000— 

The Madras Civilians lost 23°8 per 1,000. 
The Bengal 3 25:1 Ps 
The Bombay Pe 31:7 ‘3 

The increased mortality of English civilians, officers, and soldiers 
in India and our colonial possessions, indicates that climatorial influ- 
ences are at work there which are detrimental to health and longe- 
vity. Some of these results, and similar ones among our more tem- 
perate French neighbours, are presented to you in Table V. The 
average increased military mortality of hot climates, compared to 
that at home, may be stated as 4 tol. A diminution of this mor- 
tality may be effected by suitable food and drink, improved dress 
and lodgings, increased facilities for bathing, and regular exercise. 
But, as the causes which exercise so fatal an influence on life are 
climatorial, all are incapable of removing the great disparity that 
must still exist between the ratio of mortality at the equator and 
the 70th degree of north latitude. 

From the Statistical Reports on the Health of the Navy, we 
learn the important truth, that, under a well-administered system ot 
physical and moral sanitary management, sea-life has a general 
healthful influence. The remarkably small rate of mortality in the 
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Navy, even within the Tropics, compared with the Army, may, as 
General Tulloch concludes, be partly attributable to the facilities for 


invaliding sailors and sending away cases of protracted illness or of 


doubtful recovery, and to the comparatively short duration of the 
seaman’s service. But we are still- presented with the fact that the 
sailor’s pursuits are relatively more salubrious than those of the 
soldier, and that under the same climatorial influences, apart from 
terrestrial agencies and those of locality, the relative annual ratio of 
mortality of the latter compared with the former was as 69°8 to 
17°3 per 1,000. The mortality of the Navy from 1830 to 1836, 
and throughout every region of the globe, was only 11°8 per 
1,000 of the force annually, while thirty years ago the mortality 
was 31 per 1,000. The diminution is justly attributed to abundant 
nutritious food, wholesome palatable water, personal cleanliness, com- 
fortable clothing, reduced allowance of spirits, afternoon meal of tea, 
small monthly payments of money, provision for mental improvement 
and recreation, and better built ships with better capacity for venti- 
lation. These happy results may be well thought a source of proud 
satisfaction to the health department of our Navy, whose hygienic 
arrangements and medical skill have enabled it to accomplish so much. 

But, though all may concede the necessity that young medical 
officers, both in the Army and Navy, should be familiar with those 
principles of military and naval hygiene that qualify them for the 
task of preventing as well as curing disease, many differ in opinion 
as to the best manner of conveying the requisite information on 
these all-important subjects. We have no properly organised system 
in our medical schools for teaching the scientific rules and pre- 
cepts relating to social hygiene, or the preservation of the public 
health, and to the means best adapted to the removal or dimination 
of the fatal influence of numerous causes of disease; yet few will 
deny that a well-established course of instruction there, on the 
theory and practice of preservative medicine, is as necessary for 
raining good practical medical men, as the present system of teach- 
ing solely the curative part of medicine and surgery. 

Admitting that good medical military and naval officers can only 
be formed in military and naval hospitals, or from practice in the 
midst of fleets and armies, still such a course of instruction on social 
hygiene, taught in our medical schools, would perfect and prepare 
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those destined 1.. the Army and Navy for storing their minds with 
the more specific and useful knowledge of their duties, which they 
might afterwards obtain at military and naval hospitals. Such a 
practical training for either a military or naval career requires the 
assistance of military and naval medical guide-books, such as supplied 
to the medical officers of the French army and navy. These treat of 
the organisation and duties of the medical officers, and the means of 
preserving the health of soldiers and seamen. ‘They are still deside- 
rata for the medical departments of our Army and Navy; and, though 
we have had a wide field of observation and experience in various 
quarters of the globe, this country can claim but a small share of 
that military medical literature of which our French neighbours 
may be justly proud. 

But while the disastrous events which have of late riveted the 
world’s attention to India, and given rise to the necessity of accumu- 
lating in that country military masses of unacclimated Europeans, it 
is at least matter of congratulation, if not of triumph, for the progres- 
sive appreciation of sanitary knowledge among military commanders, 
that no fearfully destructive epidemic diseases have been allowed, 
either through ignorance or neglect, to exaggerate the other insepa- 
rable evils of war. Though these disasters have necessarily inter- 
rupted our intercourse with Indian medical contributors to the 
subject of military epidemic diseases within the tropics, it is, at the 
same time, incumbent on me to here notice, that, amidst all the 
marching, hardships, and exposure experienced by our troops there, 
no considerable outbreak of epidemic cholera has yet appeared 
among the newly-arrived regiments from Europe. How different 
were the results among our soldiers and seamen sent to the West 
Indies at the commencement of the last war, when, after predispo- 
sition to disease in ill-ventilated transports, and the influence of 
improper diet, drink, and want of personal cleanliness, both were 
allowed to perish from fevers and dysenteries of the most deadly 
type, brought into destructive action by ill-selected sites of encamp- 
ment and unsuitable clothing, with bad barrack and hospital accom- 
modation. Under skilful attention to the diet and drink, the dress 
and bathing, the barrack and hospital accommodation of our soldiers 
and seamen, the terrors of sojourn may be partly done away, and 


the chances of epidemic outbreaks greatly lessened. 
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In conclusion of this all-important subject of sanitary principles 
and sanitary practice, I would offer a few practical suggestions :— 

Ist. That, in conformity with the recommendation of the Army 
Sanitary Commissioners, medical officers should be consulted, and 
due attention paid to their sanitary recommendations, in all that 
concerns the dieting, clothing, barrack or hospital accommodation, 
encampment, and exercise of troops. 

2nd. That a knowledge of sanitary science, and certificatés of 
attendance in the medical schools on a complete course of social 
hygiene or preventive medicine, should be made imperative on all 
who are candidates for the medical services of the Army and Navy 
and East India Company. 

3rd. That further specific teaching of military and naval hygiene, 
with instruction on military surgery and tropical medicine, should 
be carried out at great military and naval hospitals by well-instructed 
professors, or men of practical experience in these subjects. 

4th. That manuals of sanitary science, and works on the principles 
of military and naval hygiene, be prepared and made available for 


the use of army and navy medical officers. 
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TABLE I. 
The Ratio of Annvat Mortauity out of 1,000 Persons living in 
different CountRrizs. 
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TABLE IV. 


ComParATIVE Mortauity of the En@uisu, Frencu, and Prussian 


Armics in their several DEPARTMENTS. 





Departments of Service. Mortality per 1000. 
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Friday, April 30th, 1858. 


GeneraL SIR J. F. BURGOYNE, BART., G.C.B., in the Chair. 


GUNPOWDER AS A DISRUPTIVE AGENT. 
By Captain Scuaw, R.E. 


WHEN gunpowder was first applied to the service of mines, it was 
a decided improvement in the economy of war, if I may so speak. 
Previously to the end of the fifteenth century this powerful agent had 
only been used at a distance to project shot or large stones against 
the enemy’s works, after the manner of the ancient balista or 
catapult, but now the full strength of the giant was employed in the 
most advantageous position to destroy their walls and ramparts. The 
besiegers, instead of employing their champion to pelt the enemy from 
a distance, now sought to place him in a position where he could 
give a fall at close quarters. In speaking thus I do not mean to 
disparage the value of artillery in breaching revetments, or destroying 
works under certain circumstances, for it often happens that guns can 
be got into a position whence they can breach a work in much less time 
than would be necessarily expended in mining and lodging charges of 
powder. As an instance of this, I need only mention the late victori- 
ous advance of Sir Colin Campbell through the town and suburbs of 
Lucknow; when his artillery breached the various fortified enclosures 
that opposed his progress, and opened a passage for the bayonets of 
his infantry, in a far shorter time than could have been done by 
mining, which would have been wholly inapplicable in such a case. 
I would, however, maintain that, when time is not so much an object 
as the economy of life and gunpowder, mines are to be preferred to 
artillery as a means of demolishing fortifications; and, in support of 
this statement, I may adduce the result of the experiments made by 
the French at Bapaume in 1847. From the records of their pro- 
ceedings in the demolition of that old fortress, it appears that a 
breach 85 feet in length was formed in the face of one of the 


bastions by a battery of 24-pounders at point-blank range, after an 
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expenditure of 3,168lbs. of powder and 6,800lbs. of iron in shot, 
whilst a similar face was breached to the extent of 98 feet by the 
explosion of 1,736lbs. of powder disposed in three charges in rear of 
the revetment; or, in fact, a larger breach was produced with about 
half the quantity of powder, and with a saving of all the shot, by 
means of a mine. It must be observed also that the revetment was 
built of chalk rubble with a facing of brick, and this soft material 
was peculiarly favourable for the action of artillery. Had the 
masonry been of large blocks of granite, the ammunition required 
to effect a large artillery breach must have been enormously 
increased; while a very slight increase of the charges of the mines 
would have sufficed to overturn the revetment so constructed. 
Before proceeding farther with our subject, it may be well to con- 
sider briefly the nature of the agent we employ in demolition by 
mining, and the degree of power we have at our disposal. Although 
there are many explosive compounds known to the chemists, and 
some of them much more powerful and violent in their action than 
gunpowder, yet none of them are so well adapted to the purposes of 
either artillery or mining. Of all the more dangerous and suddenly 
explosive compounds, such as chloride of potash and fulminating 
mercury, it may suffice to say that their action is too instantaneous 
for the purpose of artillery, as they burst the gun instead of pro- 
pelling the shot, whilst they are both too expensive and too danger- 
ous for employment in mining, and even there their instantaneous 
explosion produces a much less satisfactory result than the more 
gradually expansive force of gunpowder. Indeed the advantage of the 
slower action of gunpowder is so apparent, that some authors have 
recommended the admixture of sawdust with powder for mining pur- 
poses, with the idea that the effect would be increased by the slower 
ignition thus produced. The experiments made by Sir J. Burgoyne, 
however, have shown that this is a fallacious idea, and that gunpow- 
der produces the greatest effect when used without admixture. There 
is one other explosive compound, which not long since made some 
stir in the world, and which I must briefly notice. Gun-cotton, or 
pyroxyle, discovered accidentally by Schénbein, appeared at first to 
have so many advantages over gunpowder, that it was supposed it 
would in a great measure supersede it. This substance results from 
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the saturation of clean cotton (or paper prepared without size, and 
chemically clean) in a mixture of equal parts of concentrated nitric 
and sulphuric acid, for about a quarter of an hour. It is then 
squeezed out, well washed in water, and dried carefully, when it is 
found to have entirely altered its nature, and to have become an 
explosive material, having about four times the force of gunpowder, 
weight for weight. There is little or no smoke when gun-cotton 
explodes, and the temperature at which it ignites is so low (356° 
Fah.), that it may be fired on the top of a small heap of gunpowder 
without igniting the latter. A heavy blow on an anvil ignites 
pyroxyle by the heat thus generated, but it cannot be fired by friction 
like the fulminates, and it does not appear to be injured by damp. 
There are many objections however to the use of this material:—for 
artillery its action is too sudden and the gases generated injure the 
metal of the gun, while its bulk and the uncertainty attending its 
manufacture (two samples seldom corresponding either in strength 
or the facility of ignition) have caused its abandonment by the miner 
also, and gunpowder still bears the palm amongst explosive agents. 
Pyroxyline, which is the same as gun-cotton, only that the propor- 
tions of the acids are slightly altered, is the substance now used so 
extensively in photography; it is dissolved in aleohol and ether, 
and is then called collodion. 

The exact increase in bulk of gunpowder after ignition it is difficult 
to estimate; but it is supposed that when good powder is ignited the 
heat produced is about 2,000° Fah., and assuming that the law which 
governs the expansion of gases holds good at such high temperatures, 
which we have no reason to doubt, one volume of gunpowder when 
ignited will produce 1,597 volumes of gas, exerting a pressure of 
1,597 atmospheres, or nearly 10 tons on the square inch, or 1,440 tons 
on the square foot. This is but an approximation to the true force, 
as the great degree of heat evolved in the moment of combustion is so 
far beyond the range of experiment that we can only reason from 
analogy. We may judge, however, from these considerations, what a 
gigantic force is at our disposal in the convenient and portable form 
of gunpowder. Many attempts have been made to ascertain the force 
of gunpowder by direct experiment, but none of them have been very 
successful. In 1800, Count Rumford carried on a series of experiments 
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with this view at Munich, He procured a very massive gun, closed its 
muzzle with great weights, and fired the powder with which it was 
loaded by inserting the breech intoa cavity prepared for it in a mass 
of red-hot iron, having a red-hot needle which protruded through 
the vent into the charge. His experiments, however, gave such 
widely different results, that no theory can be deduced from them. 

This, however, was observed, that it is possible to ignite gun- 
powder under such a pressure that the gases cannot expand. 

In the cases where the weights were heavy enough to retain the 
gases in the barrel, the products of combustion were found for the 
most part condensed inside it, in the form of a hard, coaly mass, 
which was inflammable with great difficulty. 

Hence we learn, what other experiments have abundantly con- 
firmed, that it is possible to tax the giant’s strength too far—there 
is a limit to his power. 

When the ingredients of gunpowder are not pure, or when the 
manufacture is imperfect, or when it has been injured by damp, 
the strength is very much diminished; in order therefore to be 
able to work with any degree of certainty in the use of gunpowder, 
we must have some practical test or standard of comparison by 
which we can estimate the strength of the particular powder at our 
disposal. 

Various means have been employed for this purpose; and the 
three in most general use are the Eprouvette, the Balistic Pendulum, 
and the Gomar Mortar. The principle of the first is, the mea- 
surement of the recoil; which is effected in this manner:—a 
miniature cannon is suspended by a rod so as to swing freely; 
it is loaded with a fixed charge of the powder to be tested, and fired. 
The explosion produces an amount of recoil proportioned to the 
strength of the powder, and this amount is measured on a graduated 
are of a circle beside which the gun swings. 

The Balistic Pendulum is acted on by a shot out of a cannon, 
which is fired with a fixed charge of the powder to be tested; the 
shot strikes the pendulum, and buries itself in some soft material 
contained in a box at its extremity. The impact of the shot com- 
municates a motion to the pendulum, which is measured on a gra- 


duated are of a circle, and by a mathematical calculation the initial 
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velocity communicated to the shot by the powder can be determined, 
and from this initial velocity the strength of the powder is estimated. 
But the simplest and most satisfactory test, for mining purposes, is 
that in which a perfectly. smooth and accurately-turned shot 68 lbs. 
in weight is projected at an angle of 45° from a mortar with a fixed 
charge of powder. The distance to which the shot is thrown is the 
measure of the strength of the powder: 2 0z. of good English cannon- 
powder project the shot 250 feet; musket-powder rather further. 

When gunpowder is ignited in the open air, the gas evolved ex- 
pands in all directions equally; and, wherever obstacles occur to 
hinder this expansion, the tendency is to blow them out of the way. 
When, however, gunpowder is exploded in a confined situation, the 
gas, though expanding equally in all directions as before, forces a 
passage for itself in whatever direction the resistance opposed to it 
is least; and it is plain that the whole of the gas being thus forced to 
act in one direction, exerts a much greater force in that direction than 
it did in any one direction when exploded in the open air. 

This principle should be borne in mind in the application of gun- 
powder to the destruction of stockades, barrier-gates, walls of build- 
ings, and in all cases where the charge is not lodged within the 
object to be destroyed, but merely applied outside it, a method of 
demolition which frequently has to be used on service, when there is 
not time to proceed in the more regular and economic manner by 
mining. Whenever powder is of necessity thus applied, every 
exertion should be made to heap as great a weight of earth, stones, 
or rubbish of any kind over it as can be obtained, which will con- 
fine the gas to a certain extent, and oblige it to exert much more 
force on the object to be destroyed. It sometimes happens that even 
this precaution cannot be taken, and a greatly increased charge of 
gunpowder is then necessary. 

Thus, in 1839, the Cabul Gate of the fortress of Giuznee was 
blown open by 300 Ibs. of powder merely placed against it. The 
charge of powder in this case was considerably more than was ne- 
cessary; 100]bs. would have effectually destroyed the gate; but it 
was supposed that there was a second gate a short distance in rear 
of the front one; and, had there been a second gate so placed, experi- 
ments made at Chatham have shown that at least 200 lbs. of powder 
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would have been necessary to destroy both gates; and on service an 
excess of powder is always advisable, to make sure work. The late 
gallant exploit of the little party under Lieutenants Home and 
Salkeld, of the E.I.C. Engineers, who destroyed the Cashmere Gate 
at Delhi by the same means, is an illustration which will occur to 
all; but Iam not able to state the exact quantity of powder used, 
nor the construction of the gates which were blown in. 

When powder is plentiful, and there is no time for regular mining, 
a bridge is most easily destroyed by laying bare the keystones across 
the width of the bridge, and placing 300 or 400 Ibs. of powder in 
sandbags or barrels along the trench so formed, as at A. figs. 1 and 
2. After the powder is placed, and the train laid, any spare time 
may be advantageously employed in heaping paving-stones or any 
heavy material over the powder, but, even without this precaution, 
many ordinary stone arches were thus destroyed during the last 
Peninsular War. 

Powder-magazines, or Bomb-proof buildings, may be hastily de- 
stroyed on this principle, by blocking up the doors and windows as 
far as possible, and placing several barrels of gunpowder in each 
compartment of the building, and exploding them simultaneously 
by powder-hose. An empirical rule for roughly estimating the 
charges in such a case, recommended by Sir Charles Pasley, is to 
divide the plan of the building into imaginary squares or rectangles 
as nearly square as possible, placing one charge in the centre of each 
compartment; the number of Ibs. of powder in each charge being 4th 
the cube of the distance from the centre of the charge to the outside of 
the exterior wall (4 AC 3, in fig. 3). 

The Russian towers of Presto and Nottick, at Bomarsund, were 
thus hastily destroyed by the French in the late war. These 
towers were circular, about 37 feet high, with a double tier of guns; 
there was an open court about 70 feet wide in the centre, with 
casemates 35 feet deep radiating all round it. The Presto tower, 
being in sight of both the armies and of the ships, was thoroughly 
destroyed by using all the powder found in it, amounting to 6,600 
ibs., disposed in 6 charges of 1,100 Ibs. each, placed in alternate 
casemates. 


The Nottick Tower, being in a more secluded position, was not 
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intended as a “ spectacle,” and only 3,700 lbs. of powder were: used 
for its destruction, which was too little, 2 portion of the tower re- 
maining uninjured. These quantities of gunpowder appear however 
to have been guessed at rather than estimated. 

When fires occur in towns, it is often desirable to make a break 
in a row of houses, to stop the progress of the flames, and gunpowder 
may usefully be employed in such cases. If the powder be placed 
under a stone staircase, or where two walls meet, so as to confine 
its action as much as possible, 50 or 60 Ibs. are generally sufficient 
to destroy an ordinary town dwelling-house. This system is fre- 
quently used at Montreal, in Canada, where the houses are chiefly of 
wood, and destructive fires are of constant occurrence. 

The tottering ruins which remain after a fire, and which are often 
very dangerous and difficult to remove by ordinary means, may 
sometimes be thrown down very advantageously by small charges of 
powder placed against them on the end of a long pole, or secured by 
other means, and fired by a fuse. 

There is another application of powder which I should mention 
here, as it holds a place between the cases we have just been con- 
sidering and those where the expanding gas is solidly resisted on all 
sides. I mean, when powder is exploded under water. In this case 
the fluid offers so much greater a resistance than the air, that very 
good results are obtained by simply exploding the charge in contact 
with the object to be destroyed. 

Reefs of rock which interfere with navigation may thus be re- 
moved with great facility. By the aid of a diving-bell, or diving- 
dress, a man goes down, and either prepares a cavity in the rock or 
finds a natural one, in which the charge of powder is lodged, well 
secured in a waterproof case; it is exploded by Bickford’s fuse, or 
the voltaic battery, and the rock is shattered to pieces, and may easily 
be removed. The wreck of the Royal George, which obstructed the 
navigation at Spithead, was broken up and eventually removed in 
1839, by the explosion of large charges of powder placed in contact 
with the wreck by means of diving-bells. The pressure of the 
water was so great at the depth at which the bottom of the wreck 
lay, that several failures occurred by the charges getting wet, al- 
though great care had been taken to make the cases waterproof. 
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The indomitable perseverance of Sir Charles Pasley, however, at 
length overcame all difficulties, and after the explosion of 4 large 
charges of 2,500 Ibs. each, and a number of smaller ones, the wreck 
was thoroughly broken up and removed piecemeal. 

In all such cases, however, the charge of powder necessary to 
effect demolition cannot be determined before-hand with any accu- 
racy, and the powder is employed in a very uneconomical manner. 

Where time and the nature of the case admit of it, it is always best 
to confine the charge of gunpowder in such a position that the gas 
in forcing its way out will effect the desired demolition; and in em- 
ploying gunpowder in this manner a very important principle must 
be remembered, viz. that the resistance offered by the mass of earth, 
masonry, rock, or other material which is acted on by the powder, 
varies as the cube of the length of the line of least resistance. In 
other words, as the charge of powder is placed further from the face 
where the gas must escape, so the amount of the charge must be 
increased, not directly as the distance increases, but as that distance 
cubed, or multiplied twice by itself. The reason of this appears 
simple enough, and may be best shown by an example. Suppose 
E A BF, fig. 4, to represent the surface of the ground, and at C, 10 
feet below the surface, a charge of powder to be lodged. Then the 
line C H, drawn from the centre of the charge of powder to the surface 
of the ground, in the direction which offers least resistance to the escape 
of the gas, is called the line of least resistance, and is written“Z LZ R.;» 
and in this case the LL R measures 10 feet. When this powder is 
ignited, it will throw out a mass of earth something in the shape 
of a cone; what the exact shape may be we need not stop to con- 
sider; some suppose it to be a paraboloid, some a frustum of a 


cone, but, for the sake of simplicity, we may consider it an inverted 


cone, the height of which (C H) corresponds with the distance of 


the charge from the surface, or the line of least resistance, while the 
size of the base will vary with the charge of powder. 

Let us suppose that, with a certain charge, the diameter of this 
base (A B) 1s equal to twice (H C). Now let us suppose a charge 


to be placed 20 feet beneath the surface at D, then, if the quantity 


of powder be sufficient to produce a similar effect, a similar cone of 


earth E F D will have to be raised. But the contents of similar 
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solids are to one another as the cubes of their similar dimensions; 
that is, if the height of two similar cones be 10 feet and 20 feet 


respectively, the content of the lesser cone is to the content of the 


| 

| ; i 

| greater cone (not as 10 : 20, but) as 10%: 20%, or as 1,000 to 8,000, 

u which is the same as 1: 8. And it is plain, that, if the cones are of 

‘ the same material, the one will be 8 times as heavy as the other, and 
4 


8 times the force will be necessary to lift it; hence the charge of 
powder with the LLR of 20 feet, must be 8 times as great as the 
charge with an LL R of 10 feet; and so generally it may be shown 
that to produce similar results with varying L LR, the charges of 
powder must vary as LL R*. The direction and exact length 
of the L LR is therefore an all important consideration in mining, 


and I must explain that the LL RK is not always the shortest 





line to the surface, though as a general rule it is so. For in- 
stance, when powder is lodged over the haunch of an arch as at 
B, figs. 1 and 2 (the weakest point, and therefore the most advan- 
tageous for applying the powder), the strength of the arch must be 
taken into consideration, as it offers a greater resistance than the 
spandril walls at the side; and, if the powder were placed at an equal 
distance from the soffit of the arch and from the face of the spandril 
wall, it would probably blow out at the sides, and leave the arch 
standing, or, if it were not placed deep enough down, it might merely 
make acrater in theroadway. Judgment and common sense must he 
exercised in such cases, but ordinarily the LL | is the shortest 
distance to the surface in any direction, be it upwards, downwards, . 
or sideways from the centre of the charge; and the proper charges 
for mines in different cases are expressed in terms of the cube of the 
L LR, which is always measured in feet. Thus for an ordinary 
mine in earth to produce a 2-lined crater, or a hollow, the diameter 
of which at the top is equal to twice the LL R of the mine, ;4, LLR? 


has been found to be the proper charge in lbs. of powder. To take 





an example—if the chamber be made 12 ft. below the surface of the 
ground, and it is required to load it with such a charge as will just 
throw out enough earth to leave a crater, the width of which at the 
top shall be 24 ft., we must take the cube of 12=1728 and divide it by 
10=172, which is the number of Ibs. of ordinary English cannon 
powder which will produce such a crater in ordinary soil (weighing 
about 100 Ibs. to the C F). 
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To Generals Sir C. Pasley and Sir J. Burgoyne we are indebted 
for nearly the whole of the practical knowledge we possess on the 
subject of the proper charges for mines in different cases. The re- 
searches of Sir J, Burgoyne have thrown much light on the subject 
of blasting and mining in rock, and, while Sir C. Pasley was Director 
of the R. E. Establishment at Chatham, he made a series of caveful 
experiments in military mining, from which he deduced rules which 
have been generally found to give as satisfactory results as could be 
desired. 

We may first consider mines in common earth, which are frequently 
used in the attack and defence of fortified places; the besiegers using 
them to form lodgments in advance, when the ordinary approach by 
sap becomes very dangerous, or when it is apprehended that the de- 
fenders have counter-mines, and in the latter case very large charges 
are sometimes used, placed very deep below the surface of the ground, 
and the mine is then called a globe of compression or an overcharged 
mine, as the force of the powder compresses the earth to a consider- 
able distance below and around it, destroying any galleries of the 
enemy’s mines which may be within the limits of its influence, and 
forming a large crater which can be converted into a lodgment. The 
object of the counter-mines in the defence, on the other hand, is to 
destroy the besiegers’ mines with the least possible charges of powder, 
so as to have no available craters for them to take advantage of, 
Ordinary mines, however, are classified according to the size of 
the crater intended to be produced. When the width of this hollow, 
measured at the surface of the ground, is equal to the LLR, it is 
called a 1-lined mine; when it is equal to twice the LLR, it is 
called a 2-lined mine, and soon. 4 LL R’, giving a 3-lined crater, 
is the proportional charge most frequently used in the demolition of 
earthenworks, when the earth is to be scattered and thrown out as 

“25 
the chalk cliff at Seaford, near Dover, about 200 ft. in height, the 
LLR being in that case 70 ft, and the charges, of which there were 
two, each 12,000 Ibs. 35 LL R* again was successfully used by 
Captain Larcom to throw down a perpendicular face of hard clay and 


much as possible, while ;4, L L R® was found sufficient to throw down 


gravel in the Phenix Park, Dublin, which was thus transformed into 
a gradual slope, since made ornamental by planting. Very wide 
limits these certainly are, but the effects wished to be produced in 
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different cases, and the circumstances under which the powder 
acts, vary as widely. Where the powder has to act upwards it 
throws out a mass of earth, which by the action of gravity must fall 
to the surface again, and, if the force with which it is thrown out is 
not very great, a large proportion will fall back into the crater again, 
and no further effect is produced. Hence it is necessary to use very 
large charges in ordinary mines beneath the surface of the ground. 
This may serve to explain the extraordinary circumstances recorded 
by Mr. Rees in his History of the Siege of Lucknow, where he relates 
that in several instances Europeans were standing on the spot when the 
enemy's mines were exploded, and that they were simply lifted up and 
let fall again without injury. Their mines must have been under- 
charged, or what is more likely, their powder of very bad quality, and 
therefore the earth was merely raised slightly and dropped again. 
When full charges are used, the earth rises like a sheaf of corn, spreads 
out, and falls on all sides, leaving a crater where the powder had been. 

When powder acts behind the face of a perpendicular cliff, the 
charge blows out a similar crater; but here, the force of gravity, 
instead of acting to destroy the effect of the powder, materially 
assists it, for the bottom of the cliff being suddenly blown away, 
and the whole mass violently shaken at the same time, the action of 
gravitation brings the portion acted on to the ground. It is true 
that, in some cases of very tenacious rock, such as that which is 
quarried at Holyhead for the new breakwater, the bottom of the , 
cliff may be blown out by small charges into a series of caverns, 
and the upper portion will remain overhanging in a dangerous state. 
In this case, it is found necessary to lodge very large charges 
below the level of the floor of the quarry (fig. 6); and so, gaining 
increased resistance in front, the whole cliff is lifted, as far back as 
some natural fault or joint, and thrown down in a heap of broken 
stones. 

The resistance to the escape of the gas when the powder is placed 
in a re-entering angle as here shown is very great; and, whenever 
a free face cannot be obtained, the charge must always be increased.* 

There is another consideration in such operations which should 
be borne in mind; namely, that the height of the face acted on must 


* A charge placed behind a free face is shown in fig. 5, 
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bear a certain proportion to the length of the L L R, otherwise, the 
whole mass will not be lifted, but there will be a crater thrown out, 
as before described, while the top may remain overhanging. The 
experience gained at the Holyhead quarries would seem to show 
that from four to five times the LLR is the greatest height of face 
which is admissible, if the lifting effect is to be produced. 

The demolition of masonry in different positions is a very import- 
ant branch of military mining. 

When the besiegers approach the ditch of a fortification by sys- 
tematic attack, they have generally two great difficulties to over- 
come; first, the counterscarp, or outer wall of the ditch, which pre- 
vents their descent into the ditch; and then the escarp, or retain- 
ing wall of the rampart, which presents a formidable obstacle to 
their ascent into the interior of the work. These two walls may be 
scaled; but this is a hazardous mode of operation, and generally 
one attended with great loss of life. The first may also be approached 
by a great gallery under ground, and broken through with picks 
and crowbars, while the other is breached by heavy artillery in a 
battery on the crest of the covered way; but, if mines be employed, 
as is often the case, the charges used are proportioned to the thick- 
ness of the wall near its base. The counterscarp is generally a 
simple retaining wall, and here 4th L L R? is sufficient to throw it 
down, though a larger charge would be used in ‘such a case to form 
an easy slope or ramp for the descent into the ditch. Having 
worked across the ditch by sap, a miner is attached to the revet- 
ment of the escarp, and he works either through or under the wall, 
and lodges his charges at the back of it. (figs. 7 and 8.) Escarp 
revetments have generally counterforts or buttresses of masonry 
projecting back into the earth; these serve to strengthen the 
revetment, and make breaching by artillery more difficult. The 
miner, therefore, lodges his charges in or behind the counter-forts, 
and here the minimum charge to throw the wall down must 
be z45 or 4, probably increased to } to make a practicable breach. 

In military operations it often happens that buildings with mas- 
sive walls, such as magazines, casemates, &c., have to be destroyed. 
The engineer may then pursue several different courses, varying 


according to the time, powder, and labour at his disposal. The 
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quickest and most wasteful method is that before spoken of, viz., 
placing a few large heaps of powder inside the building, blocking 
up the doors and windows, and firing the charges by powder-hose, 
or other means; but, where time is not so great an object, and 
powder is less plentiful, a much smaller quantity of powder will 
effect the desired result. 

A series of charges may be placed in small pits sunk close to the 
wall, on the inside of the building, if the floor’be higher than the 
ground outside (fig. 10), and the earth dug out (with more rubbish 
if procurable) piled over the charges; or the powder may simply be 
laid against the foot of the wall, and a trench dug a short distance from 
it, and the earth piled over the powder to the depth of twice the thick- 
ness of the wall (fig. 9); but a still more economical method is to lodge 
the charges in the centres of the walls themselves, either by forming 
small galleries in the walls with chambers at the end, which must 
be done when the walls are very massive, or, if they be rather 
thinner, a quicker process may be resorted to by boring holes into 
the wall, sloping downwards at an angle of 45°, with the borer or 
jumper, which is a bar of round iron, having a chisel-edge at one 
end, and which being struck with a hammer, or churned up and 
down by hand and constantly turned, forms a cylindrical hole some- 
what larger than the bit used; at the bottom of this hole the charge 
is placed by pouring it in through a funnel, or loading with a 
cartridge, which is sometimes done when the hole is damp, or in an , 
awkward position for pouring powder into it. ‘The remainder of 
the hole is solidly filled up with clay or broken bricks, a piece of 
Bickford’s fuse having been placed in the powder, and carried up 
to the top of the hole. ‘The charge lodged in this manner is not 
in avery compact form, and it is best if the size of the hole in inches 
can be made equal to the thickness of the wall in feet; ¢. g., for a six-ft. 
wall a six-inch bit should be used, but, as it is difficult to obtain, and 
still more difficult to work such large bits, a smaller one is generally 
used, and pairs of holes made opposite to each other in the wall, 
crossing in its middle thickness, as shown in fig. 11. These are 
called X holes, and by this means the powder is lodged in a more 
compact shape in the wall. It is not often that these holes can be 
bored so accurately opposite to each other, and in the same vertical 
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plane, as to ensure their meeting in the wall. When they do not 
meet, it is necessary to fire both holes as simultaneously as possible. 

This mode of operation was employed in the demolition of a portion 
of the large barracks at Sebastopol, known as the “ White Build- 
ings.” A few hours’ work sufficed to sink the jumper-holes, and to 
load and tamp them; the charges used being about } LL R3, or 
from 2 to 4 Ibs..of powder in each hole, according to the character 
of the masonry, : 

Thus, with about 100 Ibs. of powder, nearly 200 feet in length of a 
well-built three-story barrack was demolished. The effect of this 
demolition was very striking; the bottom of the wall being knocked 
away, the whole building sunk down and subsided quietly into a heap 
of rubbish, and seemed to fade away from the sight. 

The principle of blasting may sometimes be advantageously used 
in the demolition of bridges, especially when the span is considerable 
and the arch rather flat. Ifa number of blast-holes be prepared in 
the keystones of the arch, and loaded with charges equal to about 
4} LL R’, and exploded simultaneously, the keystones will be blown 
out, and the greater part of the arch will probably fall. In the late 
series of operations at Rochester Old Bridge, some experiments were 
tried on this mode of demolition, and it was found that the peculiar 
arches of that old bridge could not be thrown down by blasts in the 
keystones alone, but that a combination of blasts both in the key~- 
stones and haunches of the arches, exploded simultaneously, effec- 
tually destroyed them, When powder is lodged in the centre of an 
extended line of masonry (as in these instances), the force acting 
equally in both directions, larger charges become necessary, and 
1 LLR*is the usual proportion. It is a curious fact, however, 
that if the masonry to be destroyed, instead of presenting a con- 
siderable length which has to be torn in half, as it were, by the powder 
(as in the case of a wall), is of a polygonal or circular shape on plan, 
a much smaller ‘charge, even +s LL R®, will suffice to destroy it. 

I will not further multiply cases of the adaptation of powder to the 
demolition of walls, buildings, stockades, &c. under particular cir- 
cumstances, but pass on to say a few words on the method of placing 
the powder in the required position, and that of exploding it at the 


moment wished for. As regards the placing of the charges, it is 
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plain that some means of access to the spot where the powder 
is to be lodged must be provided in the first place, and this is usually 
done by sinking a shaft, or driving a gallery, or a combination of 
both operations. 

A shaft is a well, excavated perpendicularly down into the ground 
(figs. 1,2, and 5). <A gallery is a horizontal or slightly inclined 
excavation running underneath the surface (figs. 7 and 8). In 
most soils, both of these excavations must be lined with planks, 
kept up by frames to prevent the earth from falling in. A shaft is 
generally 44 x34 square, that being the most convenient shape for 
working. Galleries vary in size; some, called great galleries, are 
64 feet wide x 74 feet high; these are used only for the descent into 
the ditch in attacking fortifications, or for the main galleries in a 
system of counter-mines; branch galleries are about 23 feet by 3 feet 
high. In easy soil a shaft may be sunk at the rate of 2 feet an hour, 
and a branch gallery driven 14 foot an hour; but in hard masonry, 
or rock, where blasting has to be used to break away the material 
and enable the miner to work it out with hammer and crowbar, the 
rate of progress is sometimes not more than 1 or 2 inches an hour. 
If powder is to be lodged at the bottom of a shaft, as is often the 
case in destroying piers of bridges, revetments, retaining walls, &e. 
the charge is always placed in a return formed at one side, never 
merely in the bottom of the shaft; and in the same way a return or 
chamber is always made at the end of a gallery for the charge; the 
object being to give a greater resistance to the elastic force of the 
gas in the direction of the tamping: if this precaution were not used, 
the tamping, if not blown out altogether, would probably be greatly 

compressed, and much of the effective force of the powder lost. 

I have used the word tamping, which I must now explain. When 
the charge has been lodged in a mine, and the arrangements for 
igniting it completed, the galleries or shafts by which the chamber 
has been reached arecarefully filled with any solid material at hand, 
such as filled sandbags, stones, clay, earth, &c. well rammed, and 
made as solid as possible, and strengthened often by pieces of timber 
placed across the opening and wedged in firmly. This process is 
termed Zamping, and upon its effectual execution depends in a great 


measure the success of the mine. The tamping should be carried to 
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a length of about 1} time the length of the LL R, to oppose a suffi- 
cient obstacle to the escape of the gas. ‘Tamping is a much quicker 
process than forming the shafts and galleries; a shaft can be tamped 
generally at the rate of five feet an hour, and galleries at three. feet 
an hour. 

The galleries must be surveyed very accurately when they are 
long or tortuous, and in every case the exact position of the chamber 
with reference to the face to be operated on carefully ascertained, as 
a foot or two more or less of L LR makes a considerable difference 
in the amount of powder necessary. 

The powder is placed in the chamber either in boxes, or 
large tarred bags, or in sand-bags, built up in a heap, as the 
case may be. It was at one time considered advisable to leave a 
space all round the powder in the mine, the idea being that the 
whole charge would be more likely to ignite by this arrangement; but 
practically this has been found a useless precaution. Where the 
mine is damp, every precaution must be taken to keep the powder 
perfectly dry; and,if there be actually water in the mine, it is best 
to put the powder in waterproof tin cases, enclosed in wooden boxes 


to preserve them from injury. In the demolition of the docks at 


Sebastopol, our engineers had great difliculties to contend with,. 


owing to the water which percolated into the shafts and gallerics, 
Powerful pumps were kept going day and night by parties of infantry, 
(the 18th and 48th Regts. I think), whilst the mining, loading, and 
¢amping proceeded, and every precaution was used to preserve the 
charges from damp, by placing the powder in English and Russian 
metal powder-cases, and in water-casks obtained from the fleet. 

The last point to which I would draw your attention, is the method 
of effecting the ignition of the powder in mines. Before the intro- 
duction of the voltaic battery, powder-hose was universally employed 
as the means of firing the charges of mines, and it still is frequently 
employed when the shafts and galleries are dry. 

A powder-hose is a long linen bag (called a sausage, by the French 
saucisson), about 1 inch in diameter, and filled with powder. One 
end of this long bag or tube full of powder is secured in the charge 
to be exploded, and it is led along the shafts and galleries, in which 


it is protected from injury by being encased in a wooden trough. 
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A piece of portfire or Bickford’s fuse is secured to the end of the 
hose, which gives the miner time to escape to a place of safety after 
he has ignited it. Powder-hose burns with great rapidity; but, if it 
is desired that several mines should explode at the same instant, it is 
necessary that the pieces of hose connected with each of the mines 
should be exactly of the same length, as the rate at which the flame 
travels along the hose is quite appreciable, and if the lengths were 
different the mines would explode in succession instead of simul- 
taneously, and possibly the shock from the first explosion might 
injure the connection of the hose with one of the other mines, and so 
it might fail entirely. Bickford’s fuse is a patent article, which is 
invaluable to the quarry-man for blasting in rock, and it burns so 
well under water that it is also frequently used for subaqueous 
explosions; but as its rate of burning is slow, about 2 ft. a minute, 
it is not suitable for firing mines which are communicated with by 
any considerable length of galleries and shafts. 

The most scientific and perfect means of exploding mines is by 
electricity, as it is equally applicable to all situations wet or dry, 
and the ignition of any number of mines can by this means be 
effected simultaneously, at the exact instant that is desired. The 
principle which is ordinarily employed in the explosion of charges by 
electricity is this:—Different metals have different capacities for 
conducting a current of electricity, why, is as yet I believe unknown, 
but the fact is undeniable. Copper is one of the best conductors we 
know, and platinum, iron, and lead are amongst the worst. 

When a current of electricity is forced through a piece of metal, 
it raises its temperature in inverse proportion to the sectional area 
of the piece of metal and to its powers of conducting electricity; 
thus, a thick wire would not be heated by the current so much as a 
thin one of the same metal, while a wire of a metal which is a bad 
conductor would be heated more than one of the same size of a 
metal which is a better conductor. Hence it will appear plain that 
we may so apportion our power of battery, and thickness, and 
material of conducting-wires, that the electricity may circulate 
through the main conducting-wires without sensibly raising their 
temperature, while at any point we please in the circuit the main 


conductor may be broken, and a very thin wire of a worse conduct- 
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ing metal introduced, which will thus be heated to such an extent by 


the passage of the electric fluid as to ignite powder at that spot. 


The main conducting wires generally used areof copper about +4; 
in. diameter, and to insulate them, or prevent the escape of the 
electricity into the earth or water through which they may pass, they 
are usually covered with gutta-percha. The thin wire, which is to 
be heated, is ordinarily of platinum, exceedingly fine; it is arranged 
in connection with a bursting charge of fine powder, and sometimes 
surrounded with gun-cotton to ensure the ignition of the powder, 
even should the platinum wire only attain a dull red heat. A thin 


iron wire is sometimes used for economy instead of the platinum, but, 
as it is liable to rust and deteriorate, and cannot be drawn so fine as 


platinum, the latter is much preferable. 


There are many forms of battery which may be used for develop- 
ing the current of electricity, but the most powerful, and the one in 
every way best adapted for the ignition of powder, is that known as 


Grove’s, where the two metals used are zinc and platinum; the 


former being immersed in diluted sulphuric acid, and the latter in 


pure nitric acid, which is contained in a porous earthenware jar, to 
prevent it from mixing with the diluted sulphuric acid, as it would 
too quickly destroy the zinc. The platinum is almost indestructible, 
and the nitric acid in which it is immersed is only useful to remove 
the bubbles of hydrogen, which would otherwise collect on its 
surface as the water was decomposed by the electric current, and 
these bubbles being bad cunductors would diminish the power of the 
battery considerably. In all other forms of battery they much 
weaken its power. 

The hydrogen combines with the oxygen in the nitric acid to form 
water. 

The zinc is gradually eaten away by the sulphuric acid, and has 
to be renewed from time to time. 

When several charges are to be exploded simultaneously, there 
are various ways in which this can be effected; first, a pair of wires 
may be brought from each charge to the battery, the electric current 
generated in which will then be equally divided amongst all the charges, 
and a great quantity of electricity is therefore required for this system. 
This quantity must be obtained either by using very large plates or by 
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arranging the cells of a smaller battery abreast. A much more 
economical method, both as regards the power of battery required and 
the quantity of conducting medium necessary for the operation, is to 
connect one pole of the battery with one wire from the first charge, 
the other wire from the same charge being connected with one wire 
from the next charge, and so on till the second wire of the last charge 
is connected with the other pole of the battery, when the electric 
current, passing through all the charges at the same moment, fuses 
all the platinum wires, and the mines are simultaneously exploded. 
In this mode of arrangement, the quantity of electricity required to 
fuse one wire is sufficient to fuse them all; but a much greater 
intensity is needed to force the current through the greater resistance 
opposed to its passage by the great length of conducting wire and 
all the platinum wires, each platinum wire # in. long offering as 
great a resistance to the passage of the electric current as 100 yards 
of the ordinary copper wire. The battery must in this case be 
arranged with the cells in series to obtain the required intensity, and 
the number of cells necessary may be at all times found by a simple 
calculation, when the power of each cell, the number of charges to 
be fired, and the length of conducting wire, are known. 

A third, and still more economical, arrangement, as regards 
electricity, is to explode the charges in rapid succession by a mecha- 
nical arrangement which causes the whole force of electricity to pass 
through each charge in succession, 

I have not attempted to explain the principle of the voltaic bat- 
tery, as to do so would require a lecture in itself. I have merely in- 
dicated the mode of its application to mining operations. There 
are other modes of applying the force of electricity to the ignition of 
powder, by magnetic electricity, and by Rumkorf’s induction coil; 
but, as they have neither of them attained to the same perfection as 
the one I have described, I will not allude further to them. 


Since this Lecture was delivered magnetic electricity has been 
successfully employed for the simultaneous explosion of large 
numbers of charges of gunpowder, in experiments carried on by the 
Select Committee at Woolwich; and it seems probable that this 
method will supersede that in which voltaic electricity is the agent, 
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as the annoyance and expense of acids and voltaic batteries are done 
away with, and the exciting power is always ready at a moment’s 


notice. —H. 8. 





Wednesday, May 5th, 1858. 
Tue Ricur Hon. Lorv PANMURE, K.T. G.C.B. &c. in the Chair. 


COAST DEFENCES. 
By Cor. E. Wirorp, R.A. 

CoLoyeL Witrorp, after thanking the Chairman for the manner in 
which he had introduced him to the Meeting, proceeded as follows :— 
Before I attempt to enter upon the subject, I will take the liberty of 
remarking, that I think every Member of this Institution is highly 
indebted to the Council for the efforts they have made to organise 
these Meetings—every individual Member being encouraged to 
come forward and state his particular views and ideas relative to 
subjects which circumstances, or his peculiar line of thought, have 
led him to consider. Such opinions, of course, have no authority 
whatever; they are merely individual opinions. But, being here to 
say a few things as they occur to me, I am about to contribute my 
mite to this general subject. 

My intention is not to pass in review our existing coast defences. 
I have not a knowledge of the facts sufficient to enable me to do so, 
nor do I feel authorised, as the matter is in the proper official hands. 
I may, however, make some allusion to the coast defences of Eng- 
land, but merely in illustration of the general subject; for it is 
assuredly a question that comes home to every Englishman’s fire- 
side. Without referring to ancient history, 1 may mention a few 
incidents of more modern times to show, that, although we hold an 
insular position, still we have not escaped altogether scathless. I 
will advert, for instance, to the appearance of the Dutch at 
Chatham, in 1667, in the reign of Charles II., when they burnt our 
ships; and to the landing, in 1688, of the Stadtholder, William of 
Orange, from a large fleet at Torbay. On another occasion great 


alarm and apprehension were felt of a French invasion; so much so, 
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that foreign troops, both Hanoverians and Hessians, were called 
over to defend our country. There was another great crisis in 1779, 
when Engiand was fighting against her revolted colonies, who were 
aided by Fianceand Spain. On that occasion a combined Spanish and 
French fleet of sixty-six sail of the line sailed up the Channel, and 
were for a time masters of it. Again, during the French war, that 
Government contemplated the invasion of England. In December 
1796 a large French army appeared on board a fleet in Bantry Bay; 
and in 1803 and 1804 an invasion of England was projected by 
Napoleon, when the alarm in England was very general. In these 
still more modern times, however, certain changes have taken place 
which materially modify the position of England. I allude to the 
invention of steam, and to the great change that has been made in 
the arms which are now used in naval and land warfare. At no 
time was it more necessary to have a body of useful, well-trained 
soldiers; for men who are hastily collected together cannot be put 
into a battery and employed to fight heavy-shell guns. It has been 
said that pensioners and Jabourers would do the work, but any 
person of experience knows whether such men are likely to do the 
duty as effectually as a well-trained body of troops. The same ob- 
servation is true as to the improved small-arms; it is of no use to 
put a fine tool into the hands of a bad workman, and the rifle is 
thrown away in the hands of an uninstructed man. We are called 
upon to defend, not England alone, but the whole British empire, 
consisting of the immense territories which we possess in North 
America, India, South Africa, and Australia, and many insular 
positions, as well as maritime fortresses, with their harbours, which 
are necessary for the support of our navy. We have at times had 
ull our forces occupied in garrisoning these posts, and, in case of a 
sudden invasion at the same time, we should have been without 
resources at home. 1 believe England to be inherently the strongest 
country in Europe. It is surrounded by water, while the great 
empires of France and Austria are obliged to have fortresses and gar- 
risons to protect all their frontiers; and, though our population is not 
more than five-sixths of theirs, we have, for the above reason, more 
fighting-men to spare, and we are often much more disposed to fight. 
We do not affect the military character; but, individually, we have 
VOL. II. X 
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as the annoyance and expense of acids and voltaic batteries are done 


away with, and the exciting power is always ready at a moment's 


notice. —H. 8. 
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indebted to the Council for the efforts they have made to organise 


these Meetings—every individual Member being encouraged to 


come forward and state his particular views and ideas relative to 


subjects which circumstances, or his peculiar line of thought, have 


led him to consider. Such opinions, of course, have no authority 


whatever; they are merely individual opinions. But, being here to 


say a few things as they occur to me, I am about to contribute my 


mite to this general subject. 


My intention is not to pass in review our existing coast defences. 


I have not a knowledge of the facts sufficient to enable me to do so, 


nor do I feel authorised, as the matter is in the proper official hands. 


I may, however, make some allusion to the coast defences of Eng- 


land, but merely in illustration of the general subject; for it is 


assuredly a question that comes home to every Engiishman’s fire- 
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that foreign troops, both Hanoverians and Hessians, were called 
over to defend our country. There was another great crisis in 1779, 
when England was fighting against her revolted colonies, who were 
aided by Franceand Spain. On that occasion a combined Spanish and 
French fleet of sixty-six sail of the line sailed up the Channel, and 
were for a time masters of it. Again, during the French war, that 
Government contemplated the invasion of England. In Deeember 
1796 a large French army appeared on board a fleet in Bantry Bay; 
and in 1803 and 1804 an invasion of England was projected by 
Napoleon, when the alarm in England was very general. In these 
still more modern times, however, certain changes have taken place 
which materially modify the position of England. I allude to the 
invention of steam, and to the great change that has been made in 
the arms which are now used in naval and land warfare. At no 
time was it more necessary to have a body of useful, well-trained 
soldiers; for men who are hastily collected together cannot be put 
into a battery and employed to fight heavy-shell guns. It has been 
said that pensioners and Jabourers would do the work, but any 
person of experience knows whether such men are likely to do the 
duty as effectually as a well-trained body of troops. The same ob- 
servation is true as to the improved small-arms; it is of no use to 
put a fine tool into the hands of a bad workman, and the rifle is 
thrown away in the hands of an uninstructed man. We are called 
upon to defend, not England alone, but the whole British empire, 
consisting of the immense territories which we possess in North 
America, India, South Africa, and Australia, and many insular 
positions, as well as maritime fortresses, with their harbours, which 
are necessary for the support of our navy. We have at times had 
ull our forces occupied in garrisoning these posts, and, in case of a 
sudden invasion at the same time, we should have been without 
resources at home. 1 believe England to be inherently the strongest 
country in Europe. It is surrounded by water, while the great 
empires of France and Austria are obliged to have fortresses and gar- 
risons to protect all their frontiers; and, though our population is not 
more than five-sixths of theirs, we have, for the above reason, more 
fighting-men to spare, and we are often much more disposed to fight. 
We do not affect the military character; but, individually, we have 
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more pugnacity. Notwithstanding this, however, we must have a 
certain number of trained troops on shore. We cannot rely solely 
on the navy for defence. I should be sorry to depreciate the efforts 
of our glorious navy in any way; but, as Lord Howe once said, 
“The sea is a very wide place,” and therefore an accident might 
cause, if not a calamity, at least a very serious embarrassment; and 
the danger of that is so great, that we ought to do everything in our 
power to prevent the possibility of an attempt upor our native 
shores. 

This subject is vast and extensive, and all those who wish to be 
thoroughly conversant with it must sit down to a careful study of 
the best authorities. I have had occasion in my reading and expe- 
rience to refer to foreign authorities, but I say it advisedly, that this 
subject is as well, if not better, understood in England than any- 
where else, and the officer who wishes to make himself master of it 
must carefully peruse the works of those most distinguished men 
who have come out of our own military school of Woolwich, I mean 
such as Sir Howard Douglas; Sir John Burgoyne, and others, Be- 
fore entering upon our subject I will also remark, that, supposing our 
naval defence to be what it ought to be, we cannot for further pro- 
tection rely upon mere material means; I mean, that no ordnance in 
batteries is worth anything without having a reasonable number of 
thoroughly trained men of all arms. It was remarked by a very 
sagacious officer of artillery a few years ago, that it was a matter of 
congratulation to the country that Lord Hurdinge, in the most praise- 
worthy manner, had raised our field artillery from a state of almost 
annihilation to a tolerably efficient state; and it was thought by 
many that with the help of that artillery, and a certain portion of 
troops to be newly called out, the country would be safe, but that, 
without a sufficient body of regular infantry, all that field artillery 
would be taken by a French army if landed in England. I would, 
therefore, take the artillery, with a sufficiently strong body of trained 
troops, as the foundation of a British army at home; and I would 
assume, as 2 matter of course, that we have an adequate force of 
regular cavalry, together with a proper establishment of engineers. 

I will now touch upon some few points relating to coast defences, 
and, without entering into them at any great length, I will try to 
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bring something tangible before you. 1 will commence by entering 
into the consideration of the means of defending the Thames at a 
certain point, however improbable or even impossible it may 
be for a hostile fleet to ascend it. 1 shali suppose that the 
works at Gravesend are passed; that a certain number of steamers 
are ascending the river, and that they have got as far as Long 
Reach, below Purfleet; after they have passed Long Reach they 
will approach Erith. Now, I will suppose the two lines ev@a, 
and y yyy, (see Fig. 1.) to indicate the two banks of the river at 
Erith; then at a place just above Erith works should be constructed ; 
the front face of one of them might contain from fifteen to twenty 
guns bearing down the river. We will suppose three steamers 
ascending it; they will come stem on under fire at 2,000 yards, and 
will continue to run under fire for some seven or eight minutes. 
Fifteen or twenty guns might be placed at B 1; half of these would 
be 68-pounders, weighing 95 ewt., firing solid shot, which will 
reach 2,000 yards with effect. These solid shotted guns would of 
course be supplied with all the necessary appliances, such as powder 
and red-hot shot, while the furnace fur preparing the molten iron 
for those shells, and the apparatus which has been introduced 
lately for pouring the iron in that state into shells, would be in 
readiness. A certain number of the guns would be heavy-shell 
guns; the most appropriate calibre would be a 10-inch land service 


oun, which would be heavier than the 10-inch gun used in the 


naval service. ‘This battery of 10-inch guns would be provided 
with the ordinary shell containing 5 Ibs of powder, with percussion 
or concussion fuses; the distinction between them being this, that 
the percussion shell involves some application of fulminating or per- 
cussion powder, the effect of which is that when the shell strikes 
any resisting object it explodes; while the concussion fuse is ignited 
by the charge of the gun, and the fire from the fuse is communicated 
to the bursting charge of the shell by the concussion on striking. 
The battery so circumstanced would be under no very heavy fire 
from the ships, and it would therefore be unnecessary to put the 
guns into embrasures, but they should fire en barbette over the 
parapet. 

A very heavy description of howitzer might be placed at F, which: 
X 2 
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would carry a shell containing 25 Ibs. of powder. It would be per- 
fectly manageable, and would be capable of firing across the river 
with great accuracy. If the steamer succeeded in passing on. the 
guns in the batteries G and I, looking up the river, would be brought 
to bear against it: these batteries would be provided with maga- 
zines and proper traverses. The lines of these works would be 
disposed on principles well understood, so as to flank each other 
and afford protection in the supposed case of a landing from the 
ships, and of an attempt to take them in the rear. ‘The parapets 
should be at least 20 feet thick, in which case the whole work 
might be made of earth. At the point E there is some high ground, 
and as the enemy might occupy it, to prevent such an occurrence, a 
work occupying this commanding point might be constructed. The 
battery F would fire salvoes with 18-inch shells, which would be 
followed up by the discharge of the 68-pounders from the battery G. 
Other batteries might be constructed on the other side of the river, 
armed on similar principles. The enemy’s ships would be under 
the fire of these batteries for about 2,000 yards. The heavy how- 
itzers at H would fire straight across the river, and from the battery 
at I there will be another flanking fire. The land side is equally 
defended. 

I have now explained the supposed land defences, and will pro- 
ceed to the naval ones. 

A couple of floating batteries, C, moved by steam, with their sides 
so strengthened as to be able to resist any shot likely to be fired at 
them, may be moored so that their broadsides will bear down the 
river, and, the moment an enemy’s steamer rounds the point K, they 
may each without difficulty fire through her from stem to stern. 

Some infernal machines might also with advantage be tried. 
The dotted line D represents a number of submarine mines, with 
very large charges of powder; the soundings would have been ascer- 
tained, and the channel perfectly well known. Engineer officers 
perfectly competent, or, in their absence, some other scientific men, 
would be quietly awaiting the moment to bring the wires into action 
by the improved galvanic batteries, and these will explode the sub- 
marine mines at the very moment the ships arrive over them. 


If the safety of this vast capital were at stake, the expense incurred 
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in thus providing for its protection would not be considered great. 
We have thus an accumulation of means, which, I think, could 
defend this or any other river, and, by taking proper advantage of 
the bendings, still more might be done. Much was said during the 
last war of the civil talents of the country; and I see no reason 
why, in such a case, if the means I have just detailed fail, various 
experiments of different kinds should not be tried between Erith 
and Woolwich. What I have said with regard to the Thames applies 
equally to the Humber, or any other river. 

Supposing our great rivers to be defended, anothervery important 
point is the defence of our coast. In considering the defence of any 
country, we must take note of the different parts of the coast. It is 
almost a proverb in the mouths of engineers and military men, that 
all long lines of defence are like long walls, and from the wall of 
China downwards they have all been forced. A very long line of 
coast is nothing but a long line to defend. The most important 
points along it are to be selected, and in making choice of them we 
have to consider their liability to be attacked, and we must find 
means to protect those which are most exposed. If we have a certain 
portion of coast so close to an enemy that he may pass over the 
intervening distance in one night in great force, then it is worth our 
while to expend large sums in artificial works in aid of its defence; 
but the general defence must be considered dependent upon troops 
and field artillery. 

We will now consider the case of an attempt at landing. The line 
x ae x x, Fig. 2, represents a bay; the points A A represent hilly 
ground: there are no permanent defences; but we will suppose the 
alarm given of an enemy’s approach, and that a landing is to be 
attempted in this bay, and that there is but little time for prepara- 
tion; an emplacement, as the French call it, or breastwork, is made 
on the rising ground at A A for heavy field artillery, such as 
12-pounders, or heavier guns, and even 24-pounders might in some 
cases be brought up. The landowners and farmers, with their 
labourers, would rush down to the spot to throw up defences; they 
would make a longitudinal trench along the crest of the hill, as 
shown in the section at H; a few planks should be laid down, and 


the field artillery, brought to the spot, might in a very short time 
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commence firing on the boats at E. Two lines of trenches at 
C © C C and D DD would be occupied by riflemen, intervals 
being left between the trenches large enough to allow the cavalry to 
charge through. The enemy would of course have some tight ships 
as at F, sweeping the ground, and supporting their attack. 

Having now slightly alluded to the defence of a sea-coast line, I 
will make a few remarks on the defence of a great naval dockyard, 
such’ as Portsmouth. The annexed sketch (Figs 3) indicates the 
nature of the position. Fort Moncton is seen at G; the Block-house 
Fort at A; the eastern side of Portsmouth Harbour at H; the narrow 
entrance to it at I, K K represent the buoys, and the dotted line 
L L represents the course of the enemy’s vessels coming into the 
harbour. Now there are two modes of attack to which a great 
dockyard is liable—one is a bombardment from bomb-vessels and 
mortars. We will suppose that kind of attack to be tried here; 
then our first object should be to make it impossible for any bomb- 
vessel to come near enough to do serious mischief to the dockyard. 
Suppose, for argument sake, that the bombarding flotilla takes up a 
position at from 3,000 to 4,000 yards from the dockyard, in order 
to throw shell into it, and among the ships lying along side. The 
extreme range of the present sea-mortars is about 4,000 yards, and 
they cannot be expected to do much execution unless they get within 
8,500. Suppose them at that distance; then we must see whether 
we can from our own works bring such a fire to bear upon them as 
to prevent them remaining in that position. If there were guns in 
Fort Moncton at G, or in Southsea Castle at M, of such a range as 
to reach the hostile bomb-vessels and gun-boats, these latter would 
not be able to keep their position; but for this and other purposes 
the great point is to get guns of a very long range, and to ensure 
accurate firing. The bomb-vessels have the advantage of being 
very small objects, and of being able to fire at a very large one, and 
hence may fire into a dockyard with little risk to themselves. A 
certain number of mortars are occasionally put into the armaments 


of naval fortresses to prevent ships from anchoring too near; and if 


these forts, armed with long 68-pounder guns, were within 2,000 yards 
of the bomb-vessels, they might be able to inconvenience them very 
much. 
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This is a subject of so much interest, that a large number of 
experiments are now being made to improve our Ordnance, but I 
have no means of accurately knowing that any gun of extraordinary 
range is in that state of perfection as to be adopted into the service. 
These experiments are understood to be confidential, but I think 
I may allude to some of the general results which have been ob- 
tained. ‘The experiments hitherto made show, that, at three degrees 
of elevation with a 20-lb. shot, they have reached a range of 
2,500 yards, with a deflection of about 10 yards or 80 feet. At 
five degrees they have attained a range of 3,000 yards, with a 
deflection of about 20 yards or 60 feet, which shows great accu- 
racy. A projectile weighing 54 Ibs. can be thrown 3,000 yards 
with three degrees of elevation—in fact, the extraordinary range has 
been attained at a high elevation of 7,000 yards; therefore, looking 
at the defences of this country, I think there is a possibility of our 
obtaining guns of this power which will be able to annoy, and 
perhaps displace, bomb-vessels moored at any distance at which 
they can do mischiei; but, until we have adopted these improved 
arms, we must do the best we can with those that we now possess. 

Without going fully into the question of Naval Defences, | may 
still refer to the powerful means of defence afforded by floating 
batteries. Supposing that at Portsmouth there was a sand-bank or 
island in an advantageous position, we should occupy it with a 
very heavy battery, and, if its position were 1,000 yards in front of , 
Block-house Point as at B, it would carry our shot so much further ; 
and, though such an island does not now exist, there is no reason 
why an artificial defence should not be made of that nature; that 
is to say, some heavy block-ships might be brought out and moored 
at C, which would present a tremendous front of fire, and which 
would keep any bombarding ship out of range of the Dockyard. 

I have already alluded to the circumstance of the new long- 
ranging artillery which we may possibly obtain, and I may now say 
a few words with regard to the monster guns which have been tried. 
As far as I know, no monster gun has been constructed that has 
been proved to produce dynamic effects in proportion to its weight 
and its size; a very large one has been made, but it has never 


been loaded with a corresponding charge; the experiments, how- 
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ever, are not yet completed. No question is more important than 
the improvement of our large and powerful Ordnance; it affects every 
question of defence; it is not alone an artillery question, for every- 


thing should be done that is possible to keep a bombarding force at 


a distance upon the sea. 


I will now slightly allude to the question of ships attacking forts. 
We will suppose the dotted line LL to be the way into the 
harbour, and that the enemy’s ships are coming round the buoy at 
the Spit; the first batteries that we have to oppose to them in that 
direction are Southsea Castle, as at M. Heavy artillery should be 
placed here, which will fire upon every ship that approaches; a 
succession of batteries along the shore at DD might be con- 
structed, closed by works in rear, or protected by other works, if the 


battery is of importance. 

If a work is distant from any support, it is a rule laid down by 
engineers that it ought to be self-sustaining—that it ought to be 
carefully flanked and protected against a land attack: the fort G, 
Fig. 3, is closed, and the other fort, A, is in a position to support it. 
This tort A is the Block-house Fort, which looks about 2,000 yards 
down the channel in the direction of the buoys, and this is the place 
where two heavy lines of batteries, one above the other, should be 
constructed in the form of a ship’s side, by putting the lower tier 
into casemates. These casemates are small spaces for the guns, 
arched over very strongly with stone, and having each an em- 
brasure through the thickness of the wall. We should have, besides 
these, the fortifications at D, N, and H, of all of which the enemy’s 
ships must necessarily run the gauntlet before effecting an entrance. 

Under favourable circumstances, it is well known that ships will 
run by anything, and we will suppose they have forced aa entrance 
into the harbour; now, as they could not remain there if exposed to 
a continued fire of heavy guns, it is necessary not only to defend 
the entrance of the harbour but also the interior part of it, either by 
a few retired batteries or by guns bearing upon it. 

The enemy may not be in sufticient force to attack the place 
regularly, but he may land and try to bombard it. There is not 
much to be apprehended from a casual bombardment; take, for 


instance, the fortress of Antwerp when the celebrated Carnot was 
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governor; it was bombarded for three days, but with little effect 
being produced upon the ships in the basin. 

A powerful army, however, might land and place heavy mortars 
within range of the dockyard, therefore, in places of great importance, 
such as Plymouth, Cherbourg, and Brest, it is necessary and usual to 
surround them with a belt of detached forts, at such a distance as to 
make it impossible to put a mortar in battery within range of the 
dockyard. Such forts are represented at F F, which are so 
fortified as to be capable of an independent defence, like the forts 
round Paris, and they are capable of being supported from the 
body of the place. We have here a most elaborate defence, as well 
as a large expenditure of means ; but the object to be gained is of 
the first importance. We have great fortresses, not only in England, 
but also at many important points abroad; and, if any Englishman 
doubts their use, let him read the work of Dupin, a French Naval 
Engineer, who came to this country after the last war with France, 
and made a Report upon the Naval and Military Fortresses of Great 
Britain. In that work is to be found a beautiful exposition of the value 
of Corfu, Malta, and Gibraltar. It was Lord St. Vincent who said, 
that we never could have kept our fleet in the Mediterranean with- 
out Gibraltar (we did not then possess Malta, and we had previously 
lost Minorca). The vessels came to Gibraltar to land sick men, to 
take in powder and shot, and to effect repairs. When an action is 
fought in the Mediterranean, some place is required for the ships to 
run into for repairs, &c. such as Malta or Gibraltar. These har- 
bours are well adapted to that purpose; and Bermuda Sound on 
the American coast is equally suitable under similar circumstances. 

Some public writers have doubted whether the keeping up of such 
places is worth the expense, but a great nation cannot maintain its 
position without great sacrifices. It will be observed that some of 
these fortresses have great peculiarities about them. Every one is 
probably aware of the general nature of the fortress of Gibraltar, 
with reference to which I may remark, various opinions exist as to 
the relative powers of ship and shore batteries generally. 

Some events in the great French war rather led men perhaps to 
exaggerate the value of shore batteries. ‘There was the celebrated 


Martello Tower, which led to the building of many others. <A great 
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defence was made by a two-gun battery, supported by a tower, 
against the Pompé, commanded by Sir Sidney Smith ; it resisted 
for a long time, but Sir Sidney eventually landed some marines and 
took the fort. In 1813 a French 80-gun ship was beaten off by 
two guns; the ship was obliged to shear off; and Lord Nelson suf- 
fered severely from the Crown Batteries at Copenhagen. Other cir- 
cumstances also tended to prove the superiority of shore guns; but, 
on the other hand, events occurred which led men to exaggerate the 
power of ships, and probably the one event which made the greatest 
impression was the successful attack on Algiers, where it is well 
known how the glorious Navy behaved, and what was done ; but it 
must be remembered, that Lord Exmouth was allowed to anchor 
his ship within some fifty yards of the batteries, and when he 
opened his fire it was so tremendous that it drove everything before 
it, and the dust from the batteries even covered the decks of his own 
ship. He suffered no great loss; while a ship 1,200 yardsoff suffered 
so severely, that the captain sent a request that another might be 
sent to take part of the fire off his. That instance shows, of course, 
that every fort ought to fire on any admiral, commodore, or cap- 
tain, who comes to negociate with a fleet at his back. The moment 


that fleet comes within range, the language of the Governor should 


be, “If you come within the range of my guns, sir, I fire ;” but, if 


ships are allowed to take their berths at a very short range from 
batteries, their fire is so tremendous that it is easy to predict what 
the consequences will be. I doubt, however, whether a long line 
like the sea-line of Gibraltar, 20 or 30 feet above the water, is to be 
silenced by the broadsides of ships. Be that as it may, means have 
been taken to add to the strength of that line by an additional line 
of retired and elevated batteries. Suppose A, Fig. 4, to represent 
a heavy ship, A, C, the level of the sea, and the ship to fire her 
broadsides at 500 yards’ distance at the shore-line at B. This 
may represent the position, though nearer, of the floating batteries at 
the famous attack of Gibraltar during the American War. It is 
not advisable, if such a practice can be avoided, to crowd the guns 
together on the land, as the intervals, or merlons, between the guns 
are thereby weakened ; and, moreover, the risk is run of a concen- 


trated fire from the ships, that may disable many of the guns at 
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once it is better to have them further apart. There are few more 
interesting and heart-stirring sights than that of a man-of-war when 
she is giving a broadside ; but, to the eye of a landsman, it is fearful 
to see the guns only twelve or fourteen feet apart, and the men 
touching each other. 

It is recognised that, within certain limits and distances, the sides 
of ships are penetrable. It has been proposed to protect them by 
sheathings of iron; but, as far as I have seen, I believe it is not 
possible for a ship to carry such a sheathing of iron as not to be 
penetrable by heavy guns, and, besides, it would be difficult to 
repair the iron casings if penetrated at any point. If we succeed in 
procuring guns of still greater power, I cannot conceive the possi- 
bility of building a vessel that will resist projectiles weighing 
100 cwt. with steel points, striking at great velocities, and with great 
accuracy. Elongated shells containing 10lbs. of powder have been 
invented, and the only difficulty is the production of a gun to bear 
the strain of firing them, but, I believe, from the means which have 
been taken by the War Department, that we shall arrive at that 
result; We have heard of the bursting of mortars at Sweaborg 
after firing a few hundred rounds, but mortars have since been made 
to stand 2,000 rounds. Some guns in the Crimea stood 3,000 
rounds, and yet they were made of cast-iron—there is no doubt this 
material will do the work if it can be got in proper condition, 

To revert now to our former subject. The sketch, Fig. 4, may 
be imagined to be a sectional view of part of the Rock of Gibraltar. 
The heights are, in some degree, exaggerated, to make it visible to the 
eye. On the height D is a second battery, 1,500 yards from the ship. 
This battery is so high that the ship cannot easily elevate her guns to 
strike it; the shot are very likely to pass over the parapet and clear 
over everything. The battery being at a distance, the “nen in it do 
not require to be protected, as they would if under a heavy and 
closer fire. There are cases where it is a great object to protect 
the men ; in other cases the men must be exposed to obtain the 
required result. Some of these elevated batteries exist at Gibraltar, 
and are armed with heavy guns. We will suppose the battery at 
D firing at 1,500 yards into this ship A; a gun firing down at a 
considerable depression fires under a certain disadvantage, as the 
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shot will not ricochet on the water at an angle of more than five 
degrees. Falling at a greater angle, there is no certainty of the shot 
rising; it depends more or less upon the velocity and upon the resist- 
ance of the water; which is very extraordinary. It was formerly 
supposed, if a shot were fired so as to strike the water about 2 or 
3 feet from the ship’s side, that the shot would pass through those 
2 or 3 feet of water, and go into the ship below the level, and sink 
her. But, when an experiment was made by the present Admiral 
Chads, he struck the water within 4 feet of a ship, but, to the 
surprise of all, the shot did not penetrate the water, the resistance 
of the water being so great that it threw up the shot.* Notwith- 
standing the range of 1,500 yards, these batteries, D, ought to strike 
the ship every time. In a similar case at Sebastopol, some of our 
ships suffered much from a small distant battery. With regard 
to the parapet, it may be higher or lower, as required. If the 
battery is low, and is liable to be commanded, the parapet must be 
higher and more massive. 

In reference to the same fortress, there is a long sea-line, A A, 
Fig. 5, broken by bastions and flanks. It is the rule, I may say 
universally, that every work should be flanked, whether by musketry 
or guns, and a long line of works may in addition receive a general 
flanking defence from works projecting considerably from the general 
line. A A A, Fig. 5, represents this long sea-line, which is well 
flanked by another part of the works called the Old Mole, projecting 
into the sea at B several hundred feet. It is heavily armed with 
guns towards the side of Spain; but it is not armed on the other 
side, because the line of works in that direction is supposed to be 
sufficient. But, supposing they want strengthening, this can be done 
in the following manner:—Heavy guns, of large calibre, may be 
placed on the old mole B, protected by traverses against enfilade 
and ricochet fire. At C there is a projecting point which is called 
the New Mole, and is also heavily armed. Now, suppose an 
enemy’s vessel, with her broadside to the sea-line, as at D, she 
would be exposed to the heavy and almost raking fire of the heavy 
guns of the projecting batteries. It may be said that the enemy 

* This experiment was with round shot; it is still possible that elongated and 
pointed shot may pass through the water, and enter a ship’s side, 
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might silence those batteries by a ricochet fire, but it is well known 
that an accurate ricochet fire is very difficult; besides which, to 
prevent such a possibility, those works might be casemated, and no 
ship could bring her broadside, as at E, to bear on these great 
flanks, as she would be raked from the sea-line A A. 

Much has been said at different times about enfilade, one or two 
questions relating to which I will now touch upon. In the first 
place, we will imagine a salient angle of any work, and that there are 
regular enfilading batteries opposed to it; these batteries will be con- 
structed on the prolongation of the faces of the work, and will be 
perpendicular to them. ‘The guns in the battery will be elevated 
sufticiently to allow the shot to clear the crest of the parapet; the 
shot will fall just within the parapet, and move forward by succes- 
sive bounds along the terreplein. ‘This is effected by diminish- 
ing the charge and increasing the elevation. If this battery 
is on a hill, so that you can see into the work, you may fire with a 
full charge; but in good works that is impossible. Either from the 
longer time of flight, or the effect of rotation, all accuracy of line is 
sometimes lost, though the fire may still be annoying. If, again, the 
shot falls in a long descending curved line, it rises at a greater 
angle and seldom makes more than one bound in the work. At the 
bombardment of Acre, one portion of the fleet was so placed as to 
pour in a general ricochet or enfilade fire against the line of works, 
which were exposed to the more direct attack of the other portion 
of the fleet. When works are exposed to such attacks they should 
be well protected by traverses, 

In conclusion, I beg to repeat what I said before, that in no 
other country is the subject of Coast Defences better understood 
than by those whose business it is to provide for the* maritime 


defences of the British empire. 


CuatrMan.—Ladies and Gentlemen,—I understand it is my duty 
to do that which is very agreeable to me, to offer to Colonel Wilford 
our thanks for the Lecture we have just heard. I think the Council 
of this Institution have done well to draw the attention of military 
men, and also of the public at large, to that most important question, 


(to which Colonel Wilford referred in the beginning of his lecture,) 
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our Coast Defences. Iam happy to think with reference to Ports- 
mouth, that we are fast advancing to a state of things that will 
render that great naval depdt impossible of attack either by sea cr by 
land, under the care of that excellent officer, who is at the head of 
our Engineer Department, Sir John Burgoyne. I am glad to say 
that in the course of a very few years the works will be complete, 
upon the principle to which Colonel Wilford has referred. It will 
render Portsmouth unapproachable by an enemy landing upon any 
part of that coast; and I hope Sir John Burgoyne will not relax his 
endeavours until he has given us batteries commanding the entrance 
from St. Helen’s, which will render the approach of a hostile fleet 
utterly impossible from that quarter. I trust that public attention 
will be turned in due time to Plymouth and Dover, and also to 
other parts of the coast which ought to claim our attention. Ido 
trust that the public in general will now awaken from the lethargy 
in which it has been plunged, and that England will get rid of that 
which is her great fault, but which attaches to her, namely, the 
practice of undervaluing her enemies. I think there are no public 
funds which can be better expended, and which in the end will be 
more economical, than those which are expended in selecting places 
from which this country can be defended, and, above all, in establish- 
ing that which Colonel Wilford has said is the finest of all defences, a 
sufficiently-trained body of infantry. I have great pleasure in 


moving the thanks of this Meeting to Colonel Wilford. 
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A MODE OF CONSTRUCTING CANNON, WHEREBY THE 
STRAIN PRODUCED BY FIRING IS DISTRIBUTED 
THROUGHOTUT THE MASS OF METAL. 


By Capt. T. A. BLAKELY, H.P. Roya Artituery, M.R.LA. &c. 


Ir has long been known, that increasing the thickness of metal in 
the cylinder of a Bramah press does not increase its streugth beyond 
a certain point. The failure, one after another, of the huge presses 
used in launching the Leviathan, under a pressure of less than five 
tons to the inch, must be fresh in the memory of all; yet the thick- 
ness of metal in some of these was as much as 7} inches, the diameter 
of the piston or ram being only 10”, the tensile force of 15 inches, 
two thicknesses, each 7} inches, being thus opposed to a pressure 
on only 10 inches. This small proportion of pressure has always 
been found sufficient to burst a cylinder. 
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The cause of this weakness, which equally affects cannon, is even 
now but very little known, although it was distinctly pointed out 
by Professor Peter Barlow, in a paper read to the Institution of Civil 
Engineers many years ago, and published in the first volume of their 
“‘ Transactions.” As that paper is in the library of this Institu- 
tion, I need only refer to it very briefly. 

Professor Barlow proves that the outer portions of a cylinder 
have comparatively little strain transmitted to them, and therefore 
add little to its strength. He bases his argument on the well-known 
law, that metal subjected to a moderate tensile strain stretches in 
the direction of the strain, and very nearly in proportion to it; that 
is to say, if 1 ton will stretch a bar of a certain length 1 inch, 2 
tons will stretch it 2 inches, or 6 tons 6 inches. This is generally 
known as “ Hooke’s law” ut tensio sic vis, and has been found by 
experiment to be very nearly correct. Professor Barlow argues that 
fluid pressure from within a cylinder must stretch it. That it really 
does so in a gun or rifle is easily proved by placing a leaden ring 
round one. If it fit tight before the piece is fired, it will be loose 
afterwards. 

No known material is capable of exerting a tensile force without 
stretching. The amount of stretching in many materials is so well 
known, that it can be used as a measure of the tensile force. This 
is the case with iron. 

Now a moment’s reflection must convince any one, that the outside 
of a thick cylinder cannot stretch as much as the inside. If it 
did, the mass of metal or other material must be increased during 
the strain. Let us consider, as an example, a cylinder the size and 
thickness of the strong part of a 10-inch gun (10 inches bore, and 
10 inches metal round it) (Fig. 1.); and, to make the argument 


clear, let us imagine this cylinder to be made of homogenous India- 


Fig. 1. 
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rubber. In this case the inner diameter might easily be stretched 
to double its size, becoming 20 inches instead of 10. 

Now it is evident that the outside circumference and diameter 
cannot be doubled at the same time, or else the latter must become 
twice 30 or 60 inches, which would give a thickness of 20 iaches ; 
quadrupling the mass of material, which is impossible. 

A moment’s reflection shows that the thickness must diminish as 
the circumference is increased by pressure from within~; for, if the 
thickness remain 10 inches, when the internal diameter has become 
20, the external diameter must be 20 plus twice 10, or 40 inches. 





This could not be, unless we imagine what seems impossible, viz. 
that the bulk of the material is considerably enlarged; as each inch 
in length of the cylinder would now contain 1,200 cylindrical inches 
(the difference between the squares of 40 and 20, the external and 
internal diameters), whereas originally it only contained 800 inches, 
the difference between the squares of 30 and 10. 

Yet, even if the thickness could remain the same, notwithstanding the 
increase of circumference, the outside layer could only be strained one- 
third as much as the inside one, because three times as long. The same 
elongation which would ause a strain of one ounce or one pound in 
the longer circumference would cause a strain of three ounces or 
three pounds in the shorter one; and the elongation which would 
but moderately strain the one would break the other. 

This reasoning is equally applicable to the minute extension of 
iron; the increase of ;', of an inch in the outer circumference of a 
10-inch gun being possible without fracturing that part, being an 
elongation of but 1 in 940; whereas the same extension must crack 
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the inside, as no iron could stand an elongation of #5 in 31}, or 1 
in 314. 

Even on this showing, then, the outside of a thick tube cannot do 
its share of work; a closer examination, however, must convince us 
that it cannot even do thus much, for the thickness of material must 
diminish as the circumference is increased. 

When the inner diameter of the 10-inch cylinder becomes 20 
inches, the thickness must diminish from 10 to 7°32 inches; the mass 
of material in the cylinder, and therefore its cross-section, remaining 
the same (see fig. 3). 


Fig. 3. 





The cross-section was origifially 800 circular inches, 800 being 
the difference between the squares of 30 inches, the outer diameter, 
and 10 inches, the inner; or 900 minus 100. 

When stretched, the area of the cross-section must continue to be 
800 round inches. 

Now a thickness of 7:32 inches gives us an external diameter of 
twice 7°32 or 14°64 added to 20, the internal diameter; in all, 84°64 
inches, the square of which is 1,200. Subtracting 400, the square 
of 20, leaves 800 round inches as before. 

In this case the outside of the cylinder is stretched but 4°64 in 30, 
about one in seven, when the inside is stretched to double its original 
size. 

If the inner diameter be only stretched to 11 inches (see fig. 4), 
Fi 


g. 4. 
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the thickness must be diminished from 10 to 9°674 inches, the outer 
diameter becoming 30°348 inches, the cross-section remaining 809 
round inches as before, the difference between the squares of 30°348 
and 11. Here the outer layer is elongated ‘$48 in 30, or 1 in 86; 
whereas the inner is extended 1 in 10, showing a strain or an exertion 
of power 83 times greater. 

In the minute extension of metals the disproportion is still more 
striking. Thus in cast-iron the 10-inch inner diameter may become 
10;4,, which would extend the outer diameter only from 30 to 
30;1,, the cross-section remaining 800 inches, and the thickness 


diminishing from 10 inches to 922% (see fig. 5). 


Fig. 5. 





Here the outside would only be stretched 54, in 30, or 1 in 9,000; 


the inside being stretched 4, in 10, or 1 in 1,000, exerting, there- 
fore, nine times as much power as the outside. 

It is evident that a slight increase of pressure from within would break 
the inside, while the outside could help but little in restraining the dis- 
ruptive force. 

If we make equidistant circular marks on the end of an India- 
rubber cylinder (fig. 6), and stretch it, we can see plainly how much 
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more the inside is strained than the outside, or even the intermediate 
parts. The spaces between the marks will become thinner, each 
space becoming less thin than that inside of it, and the inner space 
much thinner than the others (see fig. 7), showing that when the 
inside is strained almost to breaking the intermediate parts are doing 
much less work, and those far removed almost none. 

The law* deduced by Professor Peter Barlow, in the paper I have 


* The following are the Professor’s own words: ‘‘ It would appear at first that, 
having found the strain at D and C, it would only be necessary to ascertain the 
thickness of metal necessary to resist this strain when applied directly to its length; 
this, however, is by no means the case, for if we imagine, as we must do, that the 
iron, in consequence of the internal pressure, suffers a certain degree of extension, 
we shall find that the external circumference participates much less in this exten- 
sion than the interior, and as the resistance is proportional to the extension divided 
by the length, according to the law ut tensio sic vis, it follows that the external 
circumference, and every successive circular lamina, from the interior to the 
exterior surface, offers a less and less resistance to the interior strain; the law of 
which decrease of resistance it is our present object to investigate. 

“In the first place it is obvious that, whatever extension the cylinder or ring 
may undergo, there will be still in it the same quantity of metal, or, which is the 
same, the area of the circular ring, formed by a section through it, will remain 
the same, which area is proportional to the difference of the squares of the two 
diameters. 

“ Let D be the interior diameter before the pressure is exerted, and D-+-d its 
diameter when extended by the pressure. Let also D’ be the external diameter 
before, and D’-+- d’ the diameter after, the pressure is exerted; then from what is 
stated above it follows that we shall have 

D’ — D? = (D’-d’)? - (D+-d)? 
or, 2D‘d' + d? = Dd +d? 
or, 2D’+d': 2D+d::d:d'; 
or, since d’ and d are very small in comparison with D/ and D, this analogy 


becomes D': D::d:d’. Thatis, the extension of the exterior surface is to that 
of the interior as the interior diameter to the exterior. 


“ But the resistance is as the extension divided by the length, therefore the 


‘ 


: , P : : D 
resistance of the exterior surface is to that of the interior as Dp: p *% D2; D’2, 


That is, the resistance offered by each successive lamina is inversely as the square 
of the diameter, or inversely as the square of its distance from the centre ; by 
means of which law the actual resistance due to any thickness is readily ascer- 
tained. 

“* Let r be the interior radius of any cylinder, p the pressure per square inch on 
the fluid, ¢ the whole thickness of the metal, and x any variable distance from the 
interior surface. Let also rp =s represent the s‘rain exerted at the interior 
surface, according to the principles explained in the preceding part of this paper. 
Then by the law last illustrated we shall have 
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referred to, is that in cylinders of metal the power exerted by different 
parts varies inversely as the squares of the distances of the parts from 
the axis. The following table shows the elasticity exerted according 
to this law by the different concentric layers of metal in a gun where 
the thickness is one calibre and divided into ten imaginary equi- 
distant portions, E being that of the inner part of all, E, that of the 
part one-tenth of a calibre from the inner surface, E, two-tenths, &c. 


Buk =1:0000 E 
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eet Bees ME Iam ow SS 
Na ge Oe 
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+2): aa 3 for the strain at the distance x from the interior surface, 


© 
and consequently nm Cor. = the sum of all the strains, or the sum of all 
7 oF 9 


1 
the resistance, This si when «= t, R= rs (; re 


r =) a rt 


is, the sum of all the variable resistances due to the 7 thickness ¢, is equal to 


That 


the resistance that would be due to the thickness ei acting uniformly with a 

resistance $, or 7 p. 

Application of this Rule for computing the proper thickness of metal in a Cylindric 
Hydraulic Press of given power and dimensions, 

“ Let 7 be the radius of the proposed cylinder, » the pressure per square inch on 
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Thus we see that in a 10-inch gun, when the inside—which is 
5 inches from the axis—is fully strained, the metal 2 inches from 
the inside, or 7 inches from the axis, can only exert a force 3§ or 
little more than half as much; 3 inches further, 10 inches from the 
axis, the force exerted diminishes to 7%,5,, or but a quarter of that 
exerted by the inside; and ifthe gun be 12 inches thick, the outside, 
which is 17 inches from the axis, can exert but #.5,, or about 5 as 
much power as the inside. Of course, casting the gun still thicker 
would add but very little to its strength; we cannot, therefore, be 
astonished that it has been found in practice that cylinders for hy- 
draulic presses, with a thickness equal to about half the diameter of 
the piston, are very nearly as strong as if ten times as thick. 

In 1855, Dr. Hart, of Trinity College, Dublin, investigated the 
problem. His calculations (see note W p. 259, of Mr. R. Mallet’s 
work on the Construction of Artillery) give greater strength to the 
inner parts, but still less to the outer, than those of Professor Bar- 
low. Both these gentlemen,* as well as General Morin and Dr. 





the fluid, and x the required thickness: let also c represent the cohesive strength 
of a square inch rod of the metal. 
‘‘ Then, from what has preceded, it appears that the whole strain due to the 
interior pressure will be expressed by yi, and that the greatest resistance to which 
re 


the cylinder can be safely opposed is ¢ X ——.:; hence, when the strain and 


+e 
, ‘ itnue G 
resistance are in equilibrio, we shall have 7p = + 
ru 


or pr + px == ¢F 





MC oecseeG) 


or ; 
whence “= _— (the thickness sought),”’ 
—>p 


* Dr. Hart’s formula for the pressure a cylinder can bear is 
R2 — +2 
R?-F 72 (2) 
where p is the pressure on each square inch of interior surface, ¢ the tensile force of 
a square inch bar of the material, R the radius of the outer surface of the cylinder, 
and 7 that of the inner surface or bore. 

Using this notation, Professor Barlow’s formula (1) is 


pai 





R-+?r (3) 
oat . 
P R 
These equations become identical when R is indefinitely large compared with 7, 
then p =¢; 


which means that an infinite thickness of metal is requisite to bear a pressure on 
each inch of the bore equal to the tensile force of a square inch bar of the metal; 
yet a thickness equal to the radius of the bore would suffice if each particle were 
equally strained, 
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Robinson the astronomer, who have also studied the question, agree 
that no possible thickness can enable a cylinder to bear a pressure from 
within greater on each square inch than the tensile strength of a square 
inch bar of the material ; that is to say, if the tensile strength of cast 
iron be 6 tons per inch, a cylinder of that metal, however thick, 
cannot bear a pressure from within of 6 tons per inch. This has 
been found practically true with hydraulic presses, and indeed with 
guns also, a 32-pounder being the largest which can with safety be 
fired with a full charge of powder. 

It may perhaps aid in impressing the truth of the theory of the 
almost perfect uselessness of the outer parts of thick cylinders on the 
minds of some of my audience, if I describe how it was discovered 
by myself, and how, before me, by Sir Charles Fox. I was seeking 
to evade the difficulty of casting very large masses sound and strong; 
it being well known that iron when cooled very slowly (as when 
cast in large masses) crystalizes coarsely, and is not so strong as 
when cast in smaller sizes. I wished also to be able to transport 
monster mortars in pieces. With these objects I planned a mortar 
consisting of several concentric mortars, not fitting closely through- 
out, but only at their mouths or open ends. The spaces between 
them I intended to fill simply with water or oil, which (all aper- 
tures being closed hermetically) could transmit the strain quite as 
well as metal, being perhaps even more incompressible. In con- 
sidering the manner of this transmission of strain by the film of 
water, it seemed evident to me that it could only receive the pressure 
from the interior by the inside metal being pushed against it, that 
is to say, by the particles of the inner cylinder changing their posi- 
tion and some of them occupying (during the continuance of the 
strain) a portion of the space before occupied by the water; the 
film of water changing its position and pushing outwards some por- 
tions of the outer cylinder, these again pushing away portions out- 
side of them. I can conceive no other way by which transmission 
of pressure can take place but by such “ pushing.” It at once 
occurred to me that the cylindrical film of water in the necessary 
change of position would be enlarged in diameter very sensibly; for 
instance, in a 40-inch mortar, with the sides of the inner cylinder 
5 inches thick, the film of water round it would be about 50 inches 
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in diameter, and, fully to strain the metal outside of it, must acquire 
a diameter of 50 + ~%%5 or 50 =); inches. Without such an en- 
largement the outer metal could not be fully strained, strain without 
proportionate stretching being impossible, and 5}, of an inch being 
the elongation necessary in a 50-inch bar when exerting its greatest 
power consistent with safety. Now, it was evident that a film of 
water increasing in circumference three-twentieths of an inch must 
decrease in thickness, the quantity of water remaining the same. 
Exactly the same increase of circumference and decrease of thick- 
ness must take place in the metal of a press or cannon, but this had 
never occurred to me till I thought of the water transmitting the 
strain. A calculation of the difference in the amount of work done 
by the outside and inside of a thick cylinder was easily made, and 
certainly the result astonished me. It seemed so improbable that 
such a thing should have remained unknown. Much greater was 
my astonishment when I learned that Professor Peter Barlow had 
made the cause of the weakness of cylinders public many years ago, 
but that his paper on the subject was utterly neglected. 

Sir Charles Fox made the discovery by a process exactly the 
reverse of mine. He observed the effect first, I the cause. 

Many years ago he was making a suspension bridge to be sent to 
Russia. The chain was to be formed of bars of iron (Fig. 14), 


Fig. 14, 





bolted together through holes at their extremities. The size of the 
bolts had to be determined by experiment. The first bars were 
made 4 inches wide, the holes (and bolts) being only 3 inches, and 
the metal round them 5 inches, seeming the strongest part. This 
thickness was given to admit of being reduced if the 38-inch bolt 


proved too weak. Three bars were bolted together, two in one 
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direction, the third between them and in the other direction. They 
were then strained, and, instead of the thin bolt breaking, the bars 
gave way at the part where they seemingly had 10 inches to resist 
rupture. This always took place in the same manner, viz., from 
the inside of the eye or bolt-hole, as shown in Fig. 14. Thoroughly 
to investigate this strange phenomenon, Sir Charles had straight 
lines cut in two directions at short intervals across the face of the 
bars near the bolt. He took an impression of these 6n a sheet of 
paper, by rubbing a soft lead pencil over it, as one copies monu- 
mental brasses. The bar was stretched a little, and another copy 
taken; a little more, and another copy; so on, till a complete history 
of the motion of each particle was before the ingenious investigator. 
This history showed that the inner (and therefore shorter) fibre 
BROKE before the outer sensibly stretched at all. Until Sir Charles 
Fox with great kindness told me of this practical investigation, I 
confess I almost doubted the truth of the merely geometrical solution 
of the problem. I trust I have heen able to convince others that in 
a thick cylinder (like a cannon) the outside can take only—I will 
not say one-twelfth, as I myself believe, but—one-sixth of its share 
of work, an amount which could not be transmitted to it without an 
increase of z;'55 in the bulk of the cylinder, or a diminution to that 
extent in its length. 

If this be the case with long-continued pressure (which we have 
been considering), what must it be when the pressure is applied 
and removed almost instantaneously, as ina gun? If the gun were 
thick enough and very short, the pressure might have absolutely 
passed from the inside before it reached the outside at all. In 
estimating the value of the present system of constructing guns, 
we must bear in mind also that the outer half-inch weighs about 
three times as much as the inner. One-sixth its share of work by 
thickness is therefore only one-eighteenth by weight. One ounce 
of metal at one part does more than seventeen ounces at another. 

My arguments have often been met with the query, How is it that 
guns and Bramah presses stand so well as they do? To this I 
answer that Bramah presses do not stand, and the work performed 
by guns has always been much over-estimated. For instance, in a 
smooth-bored musket the annexed table shows that the pressure can 
never have been 800 atmospheres, or two tons to the square inch. 
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The first four columns are the data obtained by actual experi- 
ments with muskets of various lengths. The 4th column shows 
the velocity acquired by the bullet in passing through the spaces 
recorded in the 8rd column. Now, these quantities and the weight 
and size of the bullet being known, it is easy to calculate the 
pressure, &c.* Column 12 gives the pressure in atmospheres for the 
different portions of a long musket, 257 being the maximum. 


* The experiments were made with guns of 2 inch bore and different lengths, 
firing a bullet of 15 drachms = ‘06lbs. the powder occupying about 1°4 inch 
of the bore. The object was to find the effect of the length of the gun. 

The first four columns are the data from which I have calculated the rest. 

The fifth column is simply the difference between the velocities at the beginning 
and end of the spaces mentioned in the sixth column, which is deduced from the 
third by subtracting from each line that preceding. 

The times in the seventh column are found on the supposition that the pressure 
during each short interval is constant (which it is very nearly), by the following 


formula: ¢ when s = the space in which the velocity v is added 


8 
ra u + hy 
(colurins 6 and 5), and ~ = the velocity at the commencement of the period 
(column 4). 


. * vw 
The pressures in the ninth column are found by the formula p = iz when 
G 


» = velocity added in time ¢ and w =*06lbs, the weight of the shot, g being 32, 
the force of gravity. 
I——p) * 
Those in the tenth column are found by using the formula v = a/ 28 os 4 
a3 given by Charles Austin, Esq., C.E., for the velocity of gas issuing through an 
orifice, when p = pressure of gas on square foot, p'= that of the atmosphere, 


« = weight of a cubic foot of gas. 


ph 
I—D . , : 2 
v= 29 | aa neglecting p' as being accounted for in the next column, and 
r 


assuming » = 1lb., we have 7? = 2gp .*. p= x, == pressure per square foot. 
The pressure on 3 inch = 3 a= Pree Ibs. = (+; 2) z “004. 

The resistances in column 11 are obtained from Hutton’s formula for spheres 
(°7565 v2 —17°5 v) d2 
10,000 
sphere, in inches. I assume the resistance in a confined space like the barrel of a 
gun, and the friction against the sides, at four times the above, in round numbers, 

12 0? — 280% : : 
90,000 lbs., and the numbers in column 11 give the mean between that at 
the beginning and end of the short periods. 
The twelfth column is the sum of all the three preceding, multiplied by 3 (the 
area of the section of the bullet being only 4 square inch) and divided by 15. 
The manner of obtaining the next three columns is evident, 


moving through the air, R = 





, @ being the diameter of the 
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The simplest way of verifying my calculations will be to assume 
a pressure of 300 atmospheres, or two tons per inch, and find the 
velocity this would produce in bullets from muskets of the different 
lengths. The velocities thus found will much exceed those found 
by experiments, proving that the pressure, as I said, never reaches 
that amount. As the size of the gun increases, however, the 
pressure of the gas of the powder increases, for whereas the musket 
ball in moving say 4 inches has left a space for the powder seven 
times its original size (if the cartridge be about the size of the 
bullet), a nine-pound shot in moving 4 inches only leaves a space of 
double the size of the cartridge. 

Thus a shot of extremely large dimensions would move so slowly 
that the powder could all be turned to gas while the space left free 
for it would scarcely exceed its original dimensions. According to 
the most reliable theory, that of Capt. Boxer, the pressure then would 
be 3,000 atmospheres, or twenty tons to the square inch. 

We do not know the exact time required for powder to burn. In 
a musket (see Table) it took 74, of a second, during which time 
the bullet moved 30 inches, but what the time required in large 
guns is we do not know. 

We do know, however, that a 32-pounder is the largest English 
cast-iron gun which can fire double shot with full charges. We 
may therefore assume that in it the pressure acting during the short 
time has about the same straining effect as the continued pressure 
of between four and five tons to the square inch, which we found 
to be the maximum a cast-iron cylinder could bear. We may also 
assume that in a 68-pounder the strain exceeds that amount. 

Before proceeding further it is necessary to show what effect a 
pressure of four tons per square inch would have on different 
sized shot, for, if the known effects exceed those which that pressure 
can produce, my theory must be abandoned. 

The well-known formula 

VW=2PGS 
gives us the information that a pressure of four tons per inch on a 
9-pound shot would produce a velocity of 1,600 feet per second in 
a space of about 40 inches, less than half the length of a gun; 


that the same pressure would produce the same velocity in a 
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32-pound shot in a space of about 60 inches (the naval 82-pounder 
being 120 inches long), and in a 68-pound shot in 80 inches. ‘This 
proportion in the 68-pounders would lead us to the correct conclu- 
sion, either that the guns must be made stronger or the velocity of 
1,600 feet must be sacrificed. The latter is the course adopted, a 
smaller proportion of powder being used in a 68-pounder than in 
smaller cannon. The velocity of 1,200 feet per second, which is 
actually attained, could be produced by a pressure of four tons in a 
space of 45 inches. 

Having thus shown that a pressure of four tons per inch can 
produce greater results than we know are produced, and having 
proved that cast-iron cylinders * cannot bear a greater pressure, | 
think it remains with those who maintain that the pressure is 
greater to prove that it is so, and to account for the velocity of the 
shot not being in proportion to such great pressure as they assert to 
be developed. 

We much want a stronger 68-pounder and 10-inch gun, and 
must therefore seek some other method of construction than casting 
them of iron. Steel guns have not yet succeeded on a large scale, 
and, if they did, it would be a pity to use so valuable a material so 
unscientifically that one part shall be strained to breaking while 
another is idle. The same may be said of wrought iron. 

The remedy I would venture to suggest for the unequal strain on 
different parts of the thickness of a gun is extremely simple. Srvz- 
RAL PARTS SHOULD BE MADE TO TAKE A MODERATE SHARE OF THE STRAIN, 
instead of the inside having too much and the rest of the gun too 
little, as in a cast gun; or the inside none and the middle too much, 
as in the old mode of manufacture with hoops and staves of iron. 

One glance at fig. 8, which represents a section of a gun of the 
latter construction, will suffice to convince us of the futility of the 


attempt lately made to reintroduce it. It has nearly all the defects 

* A gun could of course bear a greater strain near the breech than an open 
cylinder, on account of the metal closing the breech assisting what we may call 
the sides in opposing the pressure. A gun possesses another element of strength 
in the pressure not coming at once on the whole bore. Thus, during the infini- 
tesimal period that the pressure is only on, say, 12 inches from the breech, it is 
evident that also the 13th, 14th, and, in a large cannon, many more inches, 
assist in resisting the pressure, 
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of a cast gun, (particularly that of the unequal straining of its 
parts), besides others peculiar to itself, the penetration of the gas 
between the staves for instance. 

A more equal distribution of strain can only, I think, be secured 
by building guns of concentric tubes, each slightly too small to be 
placed over the one below it without force. The difference of size 
necessary is easily calculated with sufficient exactness for practical 
purposes. ‘The greater the number of layers the greater the strength, 
as, by a minute sub-division, all parts doing but one-half their 
share of work, or less, can be replaced by metal capable of exerting 
nearly its whole force with so small an additional extension as not 
to render an undue extension of any other part necessary. 

A very simple way of making a great number of parts each exert 
an equal amount of power, is to wind wire around an inner tube, 
with a tension increasing with each layer. 

Very shortly after I took out my patent for this mode of con- 
structing cannon, Mr. James Longridge, an eminent civil engineer, 
took out one for manufacturing hydraulic presses in the same way. 
He made several experimental cylinders; and some, with sides but 
one-third as thick in proportion as those of a gun, were filled with 
gunpowder, closed hermetically with the exception of a small vent, 
and, without injury, bore the shock of the explosion of the contained 
powder. 

The pressure cannot have been less than fifteen tons per inch, au 
amount which certainly the tubes could not have borne for a much 
longer period. These cylinders had flanges to keep the wire on. 
Some of these gave way, as shown in fig. 9, the cracks being much 
more open at the inside, and some not extending tho te outside; thus 
proving how comparatively little the latter was strained, and fully 


corroborating Sir C. Fox’s experiments. 
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Mr. Longridge has lately made a 6-inch cylinder for a Bramah 
press, which, with sides of } of an inch of cast iron, covered with 
4 inch of wire (ten coils of ;'s inch wire), has borne a pressure of 
seven tons to the inch—a much greater proof than ordinary cylin- 
ders of treble the thickness are subjected to.* 

Although a greater number of layers of tubes gives greater 
strength, still much benefit arises from the division of the metal 
even into two. I made a 9-pounder gun of two layers—the inner 
one 4 inches in bore, and 103 inches in outer diameter—cylindrical 
from the breech to the trunnions. Over this I put another layer, 





about the +4, of an inch less than 103 inches in inner diameter, so that 
it had to be heated to make it pass over the other part. The outer 
tube I made of wrought-iron, and, for convenience, of four pieces. 
When finished, the gun had exactly the appearance of an ordinary 
one, and was about the same weight as the service cast-iron gun; 
against one of which, as well as a brass service-gun, and one made 
by Mr. Dundas of Dundas, (of wrought-iron staves hooped together, 
see fig. 8,) mine was tried at Shoeburyness, by order of the Ordnance 
Select Committee, in 1855 and 1856. 
The four guns were fired as follows:— 


2 rounds with 8 lbs. of powder and 2 shot. 


86 ” 3 ” 1 ” 
26 ” 1 ” 1 ” 
5 ” 9 ” 1 ” 
5 ” 5 ” 2 » 


* This press was exhibited and explained after the lecture by Mr. James 
Longridge. 
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So far all four remained serviceable. The charge was increased 
to 6 Ibs. of powder and 2 shot, with which Mr. Dundas’s gun burst 
at the third round; the service cast-iron gun burst at the 110th round ; 
the service brass gun became unserviceable after 174 rounds; but 
my gun was so sound after 318 rounds, that the charge was increased 
by one shot at a time, till the gun was loaded to the MUZZLE, in 
which state it was fired 158 times before it burst! 

This astonishing endurance must not be attributed to the mere 
substitution of wrought for cast-iron in the outer inch-and-a-quarter. 
The mere change of material added but one-seventh as much strength 
as the change in the size of the outer layer; for, without this 
adjustment of size, the wrought-iron could not have exerted its 
power: as, when the inner metal was fully strained, and the diameter 
of the bore increased from 4 to 454, inches, the diameter of the 
outside of the inner layer could be extended only from 10} to 105 
plus z}, inch, one in 7,000. With such a slight enlargement, the 
outer layer could not be pressed against enough to enable it to 
exert its full foree—good wrought-iron extending one in 7,000 with 
a tension of one ton and a half per inch. By making the outer 
layer ;4,5 inch less in diameter originally, 1 secure, that when the 
outside of the inner tube stretches ;45 of an inch, the outer tube 
shall be extended 535 added to 54,5, or J, of an inch, being one in 
nine hundred, the elongation due to an exertion of power equal to 
103 tons, seven times greater than the mere substitution of wrought- 


iron could give. 


* It may, perhaps, make the above more evident if we consider the case of 
India-rubber. We found that a tube of this material, 10 inches in bore and 
10 inches thick (see fig. 1), when stretched till the diameter of the inside is 
doubled, diminishes in thickness from 10 inches to 74 (fig. 3). 

Now if we attempt materially to strengthen this tube, by merely fitting another 
accurately over it, we must fail, because so little of the strain will be commu- 
nicated to the outside, the inner diameter of which can at most be stretched from 
30 inches (its original size) to 342, the size of the outer diameter of the inner tube 
when stretched, Even this amount we should lessen, on account of the pressure 
on the inner tube, which would make it slightly thinner and longer. 

If, however, we put a tube whose inner diameter is only 174 inches over the 
inner one (for which purpose the former must be temporarily stretched, as the 
outer diameter of the inner tube is 30 inches), then both tubes will be nearly 
equally strained when the inner diameter of the inner tube is doubled, as the inner 
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In a 68-pounder the strength of two layers will probably suffice, 
but for larger guns more of the metal must be made to take a fair 
share of work, and, therefore, more concentric tubes used. 

Care must be taken to have sufficient longitudinal strength. For 
this purpose some circumferential strength may well be sacrificed, 
by casting one part the length of the entire gun and of adequate 
thickness. 

For various reasons it seems better that this single large piece 
should be the inside, cast-iron being admirably suited for the bore 
of a gun, whereas wrought-iron generally has some defect in the ° 
welding, which would certainly be penetrated by the gas of the 
powder. In some cases, for instance in breech-loading guns, it 
may, however, be preferable to have the longitudinal strength out- 
side. The latter construction has the advantage of giving greater 
circumferential strength; for (strange though it may seem) an 
ordinary cast gun, whether of iron or brass, would be strengthened 
at the breech by removing one-quarter of the thickness from the 
inside, and replacing the metal with even lead or pewter. The 
reason of this apparently paradoxical increase of strength is, that 
each remaining portion could do more work wihtout any part giving 
way in the proportion of 3° to 2’ or 9 to 4, when the inner part 
(which must yield first) is larger than as at present in the ratio of 
3 to 2.* The gain of power by thus permitting the outside to exert 


more of its force is greater than the loss by removing the inner 


diameter of the outer tube will also be doubled, becoming 342, having originally 
been but 173. 

Any number of layers of tubes can be made each to do a fair share of work, 
by regulating their original size, so that, when the inner tube is extended to a 
certain amount, each shall be extended to the same amount. Should this amount 
be exceeded, however, the inside will again have an undue share of strain, On 
the other hand, a small strain will affect only the outer layer. 

* Professor Barlow’s expression (1) for the strength of cylinders (note page 311) 


ern. 4x8 32 ' i sinkelica 
gives usc x —— x 19 as the strength of an 8-inch gun with sides 
. oO 2 ia © © 
f+ 2 1a 
: ‘ 6 x 6 36 
8 inches thick, and ¢ 7 =°* jo that when the bore is increased to 


12 inches; the thickness being diminished from 8 to 6 inches, yet the strength 
increased, This is interesting, as it proves that hydraulic presses would be much 
stronger if cast thinner. 


Dr. Hart’s formule give the same result, and experiment has confirmed it. 

















CONSTRUCTING CANNON. 32¢ 


parts, which must have cracked before the outer could be mode- 
rately strained. A brass lining near the breech of a gun would 
evidently add much to its strength. ‘This would also be a con- 
venient way of strengthening mortars already cast. 

With the exception of the single large piece for longitudinal 
strength, the gun may, with advantage, be formed of a number of 
small tubes accurately put together. Mortars, which are seldom 
subject to the fire of an enemy, cannot be more easily and strongly 
made than of wire, wound with the proper tension round an inner 
tube of brass, steel, or iron. 

Mr. Longridge made a wire gun weighing but 3 cwt. from 
which he obtained ranges of 1,500 yards with 9-pound shot. The 
service brass 9-pounder weighs 13 ewt. 

Figs. 10 and 12 show a horizontal and a transverse section of a 
wire-strengthened gun. One made with these proportions could 
bear any strain gunpowder could directly cause. I can therefore 
see no reason why a solid shot weighing a ton should not be thrown 
eight miles from such a gun. 

Figs. 11 and 13 are a longitudinal and transverse section of a 
gun formed principally of cast-iron, and reinforced near the breech 
with three layers of tubes forced on. I should prefer wrought-iron 
or tough steel for the latter. These guns may seem stronger than 
necessary near the breech, but it must be borne in mind that it is 
only there that the largest guns are more strained than the smallest. 

In various other obvious ways my object can be effected. This 
object is—so TO CONSTRUCT GUNS THAT AT THE MOMENT OF FIRING THE 
GREATEST POSSIBLE PROPORTION OF THE THICKNESS OF METAL SHALL BE 
NEARLY EQUALLY STRAINED. 

In consequence of the wonderful endurance of my 9-pounder (see 
pages 320 and 321), the British Government is now trying experiments 
with an 8 and a 10-inch gun of the same construction. It is expected 
that an 87 ewt. 10-inch gun can be made capable of firing solid shot 
of about 130 pounds. For this purpose the metal should have been 
distributed differently, a greater thickness being given to the breech 
end: however, I anticipate a successful result even from the gun 
now at Woolwich on the pattern of the ordinary shell-gun. 

Besides the great increase of strength to be obtained by making 
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the exterior portions of a gun do their duty, my mode of construc- 
tion permits the use of metal in smaller masses; but this advantage 
and others it shares with many old guns, and with many schemes 
for making guns. In the Museum of this Institution are several 
ancient built-up cannon, and the construction of many others in 
India and elsewhere is well known. The most complete of that kind 
I ever heard of was one made by Mr. Dundas, of Dundas, of longi- 
tudinal staves of wrought iron, accurately planed and fitted, and 
held together by cylindrical collars or rings (see fig. 8, p. 319). A 
9-pounder made by him, and looking externally exactly like one on 
my principle, was fired at Shoeburyness at the same time as the 
other, but burst at the third round with six pounds of powder and 
two shot (see Summary, page 321). This would at first sight lead 
one to suppose that Mr. Dundas’s plan is inferior to casting a gun 
of iron; such is, however, by no means the case, for I believe Mr. 
Dundas could make a larger solid-shot gun than can ever be made 
of cast-iron. 

Mr. Joseph Whitworth, of Manchester, made guns consisting of 
cast-iron cylinders, slit up the whole icngth, and hooped like the 
others. Tis marvellous mechanical genius taught him that the 
interior would stretch when the exterior was but little strained, and 
he accordingly made his gun so that the stretching should not injure 
it. The difference between Mr. Whitworth’s plan and mine is, that 
he prevents the disproportionate stretching of the inside from 
injuring it; whereas I prevent the disproportionate stretching itself 
to a great extent, without losing circumferential strength, as he does 
by slitting the core. I like his plan better than Mr. Dundas’s, 
because I think cast-iron the most suitable material te put next a 
shot. 

I mention these guns to show you that I am aware that I have 
been anticipated in all the advantages my mode of construction 
pussesses, EXCEPT ONE: viz., that I make sEveRAL diferent layers of 
the metal take a full share of the strain, so that THICKNESS GIVES 
STRENGTH; whereas, in all other methods, some parts are so nearly 
useless, that increasing the size adds little to strength. I can thus 
make cannon of almost any size, and have no hesitation in saying 


that mortars could be manufactured large enough to bombard Ports- 
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mouth from such a distance, that the ship firing could not be seen, 
nor the report of the gun heard. Cast-iron, we know, can only make 
a 82-pounder gun, and no thickness will enable it to bear a pressure 
of 6 tons per inch once, or 43 tons per inch often, which would have 
a similar effect. In like manner it can easily be proved that 9 tons 
per inch pressure would destroy a cylinder of any thickness of brass, 
Steel has not yet been made in very large masses, and a wrought- 
iron 68-pounder even has yet to be made. Now, in monster guns, 
the pressure of the powder must reach 17 or 18 tons per inch. This 
is the reason that such guns have not yet been made; but it is evident 
that, if the gun can be made strong enough to bear the full pressure 
of gunpowder confined in it, it can bear the lesser pressure resulting 
from firing even the heaviest shot or shell with full charges. Now 
we have made cylinders to bear this pressure; I hold one in my hand 
that has borne it; the limit hitherto put to the size of shot by the 
difficulty of getting a gun to fire very large ones is therefore removed, 
for guns can be made which powder cannot burst. 

This limit being removed, the only one which remains is expense; 
and this, in many cases, will be much lessened by increasing the 
size of the projectile. Of course, for every purpose the smallest 
effort should be made which can fulfil that purpose. To kill a snipe 
we use snipe-shot, to kill a duck, duck-shot; but it would be useless 
to fire snipe-shot at a duck 70 yards off. Equally so is it to fire 
32-pound shot at granite walls from ships 800 yards from them. 
One shot weighing 320 lbs. would do more damage than (not only 
10 but) 100 32-pound shot. Experiments should be made to find 
the smallest shot which can destroy granite batteries as existing at 
present; and, if such are to be attacked, shot known to be large 
enough should be used. 

Colonel Wilford, in his able lecture given here the week before 
last, informed us that Portsmouth is tu be defended by batteries of 
heavy guns, and that he hopes some of them will have a range of 
5,000 or 6,000 yards. ‘These will probably keep at bay any ships 
coming merely to bombard the town and dockyard with only 13-inch 
mortars, because their effective range is under 4,000 yards. But, if 
any power did want to bombard Portsmouth without being annoyed 


by the land batteries, the way would be to use mortars having a 
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longer range; still, of course, the smallest that would answer the 
purpose. If a range of 6,000 yards is sufficient, it would be waste 
to use mortars ranging 7,000; but to use them with a range of only 
4,000 would be a much greater waste. 

Surely it is worth while to inquire (carefully, and putting aside 
all prejudices) if such mortars can be made; because, if they can, 
we may as well arm our coast with bows and arrows as with guns 
of a shorter range than that of those which can be-brought against 
them. Now, I firmly believe that with common iron scientifically 
put together 30-inch mortars can be made to bear charges of powder 
of about 2 ewt., the shells weighing about 18 ewt. These would 
range fully 6,000 yards, for the resistance of the air would have a 
retarding force on a 80-inch shell but one-third as great as on a 
10-inch shell, because the surface acted on would be only ninefold 
larger, while the mass would be twenty-sevenfold heavier. 

Even if J am mistaken with respect to the capabilities of common 
iron, there can he but little difficulty in building a mortar to bear 
even double the greatest strain that gunpowder can produce, if we 
use some of the iron lately manufactured. 

Mr. Howell makes 10-ton plates of a metal whose tensile power is 50 
tons per inch. Mr. Holroyd has a metal of which he cast a 12-pounder 
gun which bore a test very nearly (if not quite) as great as that borne 
by my 9-pounder. (See page 320.) Had Mr. Holroyd’s gun been made 
so that the outer layers could do their share of work, instead of being 
so nearly useless as the outside of any thick cast tube must be, I 
cannot believe that it could ever have been burst by gunpowder. 
Captain Uchatius and Mr. Krupp also have produced a kind of steel- 
iron capable of great endurance, and others are on the same track. 
My own opinion, at present, is strongly in favour of cast-iron for the 
interior part of a gun, on account of the rigidity of that metal. The 
material for the outer layers should be chosen on a consideration of 
the work to be performed by the gun. If it be destined for a mari- 
time fortress, where weight is no objection, common wrought or 
even cast iron may be employed. 

For a very large mortar (say of 60 inches calibre, to throw a 
shell of 7 tons 10 miles), the strongest material must be used and 


plenty of it; and it must be sub-divided into a great number of 
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layers, each to be strained. As mortars are seldom liable to direct 
fire from the enemy, wire can be employed for their exterior, being 
easily put on or even replaced if damaged; but for guns subject to 
direct fire I would myself prefer a substance less susceptible of 
injury, even though the exact initial tension be less easily given. A 
little experience in forcing one slightly conical tube over another 
will enable us to judge the strain quite accurately enough. 

I am aware that many attempts to make monster cannon have 
failed, and that there is a strong opinion that such cannot be made. 
Mr. R. Mallet lately made two 36-inch mortars, at a cost, it is said, 
of 40,0007. One of these was disabled by a charge of 40 lbs. of 
powder, although the full charge should have been 400 lbs, I think 
this breakdown cannot be fairly looked upon as decisive, because 
Mr. Mallet thinks he can repair the damage, and also, generally, 
because nearly all first attempts fail. In this particular instance 
there were obvious reasons why the mortars should not succeed. 
These I published in the “‘ Mechanics’ Magazine ” some weeks before 
the first trial. They were (I may say in general terms), that the 
mortars were made only twice as strong as they could have been 
cast, whereas five times the strength of any possible thickness of 
cast-irofl was absolutely necessary. I thought it incumbent on me 
to state this before the trial, because Mr. Mallet’s first plan was to 
make the mortars on the principle I have endeavoured to explain, 
and the failure I foresaw could therefore have been used as an 
argument against it by those who did not know that Mr. Mallet had 
afterwards modified his plans. 

As the abandonment of the principle by so scientific a person 
would be, however, a still stronger argument against it, I must 
remark, that he informed the British Association at its Dublin 
Meeting that he did so only to some extent, and that on account of 
the difficulty of accurately applying the principle, and under the 
impression that he could cbtain sufficient strength without the 
necessary accuracy. 

I have little doubt that now he could make 36-inch mortars 
which would not fail. A first trial on so large a scale in one sense, 
and so small a scale in another, presented peculiar difficulties.* 


* Previously to Mr. Mallet’s proposal being accepted, I had submitted one 
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Another large gun lately made has not given satisfactory results. 
The 13-inch wrought-iron gun presented to the country by the 
Mersey Steel Company, though never fired with more than 50 lbs. of 
powder, is already cracked in the inside, just as was to be expected, 
partly from the causes I have endeavoured to point out as creating a 
tendency in cannon to crack or rather tear in the inside, partly 
from the outside of such a large mass cooling so long before the 
inside. The latter circumstance must tell against any system of 
making cannon in one mass, whether by casting or otherwise; but I 
conceive that I have already given reasons enough for abandoning 
such a plan. 

The 13-inch gun was made of a long hollow cylinder with sides 
6 inches thick. On this were shrunk red-hot rings or cylinders, 
making up the thickness of metal at one part to 15 inches, under 
the erroneous impression that thickness gives strength. Had the 
cannon been left in this state it must have been much stronger than 
it is; but it was heated to a welding heat at an enormous cost, and 
with an exercise of mechanical skill which few (if any) other per- 
sons could have brought to bear.* The consequence was that the 
tension, which was on the outer parts in consequence of their 
grasping the inner cylinder in cooling, was removed, and they are 


now able only to employ a slight portion of their strength, whereas 


to the Military authorities to make 16-inch guns at eight hundred pounds a-piece, 
on precisely the same principle—some to be delivered in three months, The 
Butterly Company had most liberally and patriotically offered to make these at 
this price, although they estimated the cost-price of the first few guns at 860/, 
each. My proposal was declined on the plea that it was unusual to entrust 
an individual with the spending of such a large sum as 8000, 

My impression is that the Butterly Company could have carried out the plan 
quite as well as any other firm or individual in Europe—probably better; for they 
had then already made an experimental gun for me and tried it. 

* In the beginning of this century a French Company made some cannon for 
the Emperor Napoleon much on the same plan, though smaller. The Ordnance 
Select Committee has reported to the Minister of War that the plan is substantially 
identical with mine; this is, however, an error, the fact being that the outside of 
these welded wrought-iron guns does absolutely /ess work than the outside of a 
homogeneous mass, because the inside being formed of bars laid longitudinally 
and welded can extend in circumference much (nearly one-half) less than if thé 
(so-called) fibre of the metal were in the direction of the strain, so that th« 
outside, extended one-tenth as much as iron can be across the fibre, is only 
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it is evident that, had the tension remained, they could employ the 
same force they now can, added to that they would constantly have 
exerted: a full charge of powder could then have been used. 
Without these remarks it would be impossible to remove the im- 
pression which prevails, that large guns have been tried and have 
failed; I am sure, therefore, that Mr. Clay, who manufactured the 
great wrought-iron gun, as well as Mr. Mallet, will be glad I have 
made them, because, if my reasoning be sound, the cause of science, 
which these gentlemen have so much at heart, will be advanced, 
while any unsound reasoning can be immediately detected and 
exposed. 

The most important objection to the system of construction I 
advocate is, that the longitudinal strength of the gun is lessened by 
it. For mortars this is unimportant, as the longitudinal strain is 
scarcely perceptible; but in making guns care must be taken to 
have strength between the breech and the trunnions, If the internal 
tube be trusted to for this strain, we must remember that it is also 
to be strained in another direction, and is further weakened by being 
pressed between the gas of the powder and the superimposed plies of 
metal. Still a large margin remains wherein we can add circum- 
ferential strength, without unduly weakening the piece lengthways; 
for the present cast guns are stronger in the latter direction than in 
the former in the proportion of 12 to 1. 

It may save trouble in considering the question if I here candidly | 
enumerate every objection which I have heard urged against my 
plan :— 

1st. A member of the Ordnance Select Committee feared the parts 
would not vibrate in unison. The reply is obvious—if the first 
expansion does not cause rupture, each successive pulsation being 


less than the first has less destructive power. 


strained one-twenticth as much as it might be, because the outer fibres are in the 
direction of the strain, 

The difference between such a plan and mine, which would make the outside 
do sixteen or eighteen times as much work, seems obvious, 

The methods may be identical, but the 15-inch wrought-iron gun cost 3,000/., 
and I can make one for 1,000/.; the 3,000/. one, required the highest skill in 
the world, but any blacksmith could make the other. 
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2nd. The Ordnance Select Committee reported in June, 1855, 


that the plan was dangerous and not worth further experiments, 


even at my expense, because “ the expansive powers of wrought and 


cast iron are different.” 


Now this difference is a positive advantage 


when the more expansive metal is put inside, as I suggest, cast-iron 


oo 


extending nearly double as much as wrought-iron with the same 


pressure, so that the extension of the outside which would be due 


to the exertion of a force of only half a ton if the thick cylinder 


were of cast-iron throughout, would give a force of double that 


amount if the exterior be of wrought-iron. However, the use of 


different metals forms no essential part of my plans, though it facili- 


tates their practical execution. 


3rd, After the wonderful success of my 9-pounder at Shoebury- : 


ness (see pages 320 and 321) the Ordnance Select Committce 
reported that they had known of the plan since 1807, and that it 
was identical with others. 


In the note, page 328, I have shown 


a hE aie aaa a: 


how diametrically opposed are my views and those of the advocates 


of welded wrought-iron guns. 


The ancient built-up guns and Mr. 


Dundas’s are still weaker than the welded guns, the latter, after 


the interior has cracked, being in the same condition as the.former 


when new. 


The Ordnance Select Committee seems to attribute the great 


strength I gain as due only to the substitution of wrought-iron 


for cast-iron. 


Now the outside inch of a cast gun, when stretched 


say one-sixth as much as the inside, could, if of iron, exert a force 


of but one 


iron would give 
(and it cannot be 


The mere substitution of wrought for cast- 
double the power, the extension being the same 


greater unless the inside crack); but I can make Fa 


the outer inch exert a force of ten tons by altering its size. The 


change of metal gives an additional strength of one ton per inch : 
(at most)—the change of size gives a further addition of eight | 
tons per inch. 

4th. A member of the Select Committee told me after the trial at 
Shoeburyness that such great strength as my gun showed is not 


required. 


5th. Wire is objected to for guns. 
a great extent; but it does not apply to mortars, and many cases 


With this objection I agree to 
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may occur where very light guns would be so useful that the ad- 
vantages of using wire would much outweigh the disadvantages. 
Most guns, however, I think, would be better if made of concentric 
tubes, not wire. 

The immediate use to which I should like to see my discovery 
put, is the manufacture of stronger 68-pounders, and 10-inch and 
11-inch guns. A 10-inch gun could be made weighing about five 
tons, and strong enough to fire solid shot if required. America has 
adopted an 11-inch pivot-gun; and, I think, we should keep pace 
with that power. <A 9-inch broadside-gun, and an 11-inch pivot- 
gun, might, therefore, be adopted for some of our steamers; nor 
would the 10-inch broadside-gun I mention, and a 12 or even 
13-inch pivot-gun weighing 7 or 8 tons, be too rapid an advance. 

If any of our rivers and harbours are to be defended, I would 
venture to urge the use of very large shell-guns for all situations 
which a ship can pass rapidly; but, as I before said, I am an advo- 
cate for the employment, in all cases, of the smallest guns which are 
sufficient to perform the amount of work required. 

The mode of construction I recommend is applicable to small as 
well as large guns. It has been adopted by Mr. Armstrong of 
Newcastle, who found a mere thick wrought-iron cylinder insufficient 
to enable him to use the full force of the gunpowder, which he does 
by forming the bullet larger than the general bore of his gun, so 
that the time necessary to force it in permits all the powder to 
burn. I may be wrong, but am inclined to believe some part of the 
wonderful accuracy Mr. Armstrong has attained may be attributed to 
the great velocity given to the shot by the enormous pressure which 
my mode of construction alone renders possible. I should mention, 
that, although Mr. Armstrong did not use the plan till some months 
after I had taken a patent for it, he did not learn it from me. 

Mr. Whitworth, of Manchester, has been kind enough to express 
his faith in the great strength attainable by one method of applying 
the principle I advocate, viz. coiling steel or iron wire tightly round 
a brass tube.* Strength can thus be obtained without the slightest 


danger of rupture from the brittleness of the core. Mr. Whitworth 


Mr. Whitworth has since been kind enough to assure me of his faith in my 
method of making cannon of concentric tubes, He has himself made some 
experiments which prove the truth of my theory,—T, A. B, 
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intends also to make (or perhaps by this time has made) a rifle- 
barrel of pure iron or decarbonised steel, strengthened at the breech 
by means of steel wire coiled round it with the proper tension, which 
Mr. Longridge has calculated for him. By using the material in 
this form, Mr. Whitworth expects to be able to make rifles light 
enough to fire from the shoulder, yet strong enough to throw a 
bullet weighing several ounces. ‘The recoil must be prodigious, but 
Mr. Whitworth prevents it from hurting the person firing by a most 
ingenious yet simple plan. 

In bringing my views to your notice I would remark, that before 
doing so I have considered them for some years, and have subjected 
them to the test of careful experiment, in which I have been assisted 
by the advice of Mr. Wm. Needham, late managing partner of the 
Butterly Company, and that of Mr. Reynolds, their talented engineer. 
The views of Sir Charles Fox and of Mr. James Longridge, who 
have both also made careful experiments, coincide very nearly, if 
not quite, with mine, as do likewise those of Professor Daniel 
Treadwell, Vice-President of the American Academy, (he read a 
paper on the subject to that learned body in 1856,) and of Dr. 
Hart of Dublin. These gentlemen all agree with me gs to the 
remedy to be applied, as well as to the existence of the evil. With 
respect to the evil itself, viz. the smallness of the assistance rendered 
by the outer parts of a thick cylinder, I have the concurrence of 
opinion of all engineers who have ever cast one, and the mathema- 
tical investigations of Professor Peter Barlow and of General Morin. 
In deeds, which some may think as important as words, part of my 
plans have also the countenance of Whitworth and of Armstrong. 

Although, therefore, such an idea if based on a crude theory of 
my own must have been regarded as chimerical, i trust that when I 
now, supported to at least some extent by such competent authority, 
repeat my firm conviction that mortars could, without difficulty, be 
made capable of bombarding Portsmouth, Cronstadt, Cherbourg, or 
any other such place, from a distance of five miles; I trust, I say, 
that the reasoning on which I base this assertion may be deemed 
worthy of calm and sifting investigation, for, if artillery one hundred- 
fold more powerful than any now used can be made, we cannot 


without imminent danger shut our eyes to the fact. 
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The reading of Capt. BLakeLy’s Paper gave rise to the following 
Observations :— 

Vice-ApmiraL Sir G, Sartorius——Are you aware of the mode 
adopted by Mr. Whitworth to prevent the recoil. of his gun? 

Captain BLAKELY.—He makes the pressure of the exploded powder 
uncoil a heavy female screw from the end of the barrel next to the 
shoulder of the person who fires. 

A Member.—Where did your gun ultimately burst—did one of 
the rings break ? 

CapTaIN BLAKELY.—When at last it did give way, it did so gene- 
rally all the way from the trunnions to the breech. 

Mr. LonaripGe,—I1 beg leave to make one or two remarks upon 
this question, which, as Captain Blakely has said, 1 have paid some 
attention to. In the early part of the year 1855 my attention was 
directed to the apparent weakness of cast-iron guns. I was struck 
with the analogy which appeared to exist between cast-iron ordnance 
and hydraulic presses, a subject with which I had been more par- 
ticularly acquainted. We all know quite well, as Captain Blakely 
has observed, that an increase of thickness in an hydraulic press 
does not increase the strength—at least to any extent—so much so 
that if we take a 13-inch press, of which the sides are 64 inches 
thick, we find it can bear a pressure of about 3} tons per inch; yet, 
if we increase the thickness tenfold, the strength is comparatively 
little more, certainly never double. I saw at once from Professor 
Barlow’s investigation, that he was perfectly right in the cause 
which he assigned for this phenomenon. But Captain Blakely has 
already explained that, and I shall not therefore occupy your time in 
going into it. 

The question was, what remedy to apply; it occurred to me that 
what we wanted, instead of having a homogeneous cylinder, was to 
have one of such a construction that the tension which should come 
upon it by explosion, together with the initial tension, should be a 
constant quantity throughout the gun. It was impossible to arrive 
at anything like that in casting or forging a gun. I therefore turned 
my attention to the employment of wire. I saw at once, in the 
employment of wire, a very easy method of accomplishing almost 


perfectly all that one would theoretically desire. Nothing can be 
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easier than to put wire on in successive coils under whatever tension 


may be found necessary. I went into the calculation quite unaware 
that anybody else was connected with the subject, and, having 
satisfied myself that the principle was right, I immediately com- 
menced to try it practically. I had some small cylinders cast, of 
which these are models [small brass cylinders], and I put in gun- 
metal balls exactly ground in, so that there could be no escape of 
the gas of the powder. I put in various quantities of powder, bound 
them round with a strong iron strap and ignited the powder, and I 
got very extraordinary results from that experiment. After that I 
proceeded to try the same thing on cast-iron. I had some cast-iron 
cylinders made. I exhibit models of some which were cast. I took 
a cylinder of this thickness [the tenth of an inch] and one inch 
diameter, and te1i coils of wire, making altogether one-third of an 
inch of wire round it. I filled the cylinder full of powder, and put 
in a plug which exactly fitted the cylinder, and I put round it a 
strap of a section of about six square inches, so that it was impossi- 
ble any escape could tak« place except through the small vent-hole 
by which it was fired. J exploded the powder in this cylinder 
without injuring the cylinder. I tried several cylinders such as I] 
have just described, but Icould not burst them with the full strength 
of the gunpowder. 

In various other methods I tried my plan of making cylinders. 
[ may mention particularly the small gun which Captain Blakely 
has alluded to; that gun was made of cast-iron, and was barely half 
an inch thick where the charge is placed, and it was a quarter of 
an inch thick at the muzzle—it had on it twelve coils of wire of 
sixteen to an inch, that is, three quarters of an inch of wire at the 
breech and a quarter of an inch at the muzzle. The tension was 
regulated according to the formula stated by Captain Blakely. 
That gun weighed 3 cwt. I may mention that I could have made 
the gun to have weighed considerably less, but I knew the objection 
against light guns, consequently I made it of the strength I mention. 
The trunnions were not cast on the gun, but were forged solid on a 
strap which went round the breech of the gun. The whole gun 
weighed 3 cwt., and the carriage upon which it was fired weighed 


2 cwt. I fired that gun repeatedly with seven and eight and nin: 
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pound shot (long shot) and I got, with seven degrees of elevation, a 
range of 1,500 yards. The carriage was not injured at all, and the 
gun itself remained perfectly sound and good. 

As a further example and illustration of the principle, I exhibit 
to you this 6-inch hydraulic press cylinder, The ordinary thick- 
ness of such is 34 inches, and they very frequently burst; this 
cylinder is three quarters of an inch thick. About it there are eight 
coils of wire the sixteenth of an inch thick, consequently the whole 
thickness is one inch and a quarter. ‘That cylinder has stood the 
pressure of seven tons to the square inch inside; the ordinary test 
for an hydraulic press cylinder being three tons and a half. 

I will just say one word with respect to the principle of this. We 
all know perfectly well that hooped guns have long since been con- 
structed; very large guns were in existence centuries ago—they are 
mentioned by Randolph in his History of the Deccan and Moor- 
shedabad, and there are several guns in India of that deseription. 
It has been maintained, and I am sorry to see that this opinion is 
still maintained by some of our high authorities here, that the only 
thing that Captain Blakely’s principle, or the principle which I 
advocate, involves, is putting on hoops to cast ifon or some other 
material. Now that is not the principle at all; that has been done 
over and over and over again; but the principle is, that we should 
put on concentric hoops or put on wire, so that each of those con- 
centric hoops or coils of wire should have an-iNITIAL TENSION. By 
such means we can get a gun of UNIFORM STRENGTH FROM THE INSIDE 
TO THE OUTSIDE. It does not matter what force you put upon it— 
I do not care if it is 100 tons per square inch, I would undertake to 
make a gun to stand that without bursting. 

Now with respect to what Captain Blakely says of Mr. Mallet 
not carrying out his principle,—lI believe that it is a fact that he did 
not carry it out, and the reason is, that there is really very great 
difficulty in carrying it out by the method which he adopted. With 
all deference to my friend Captain Blakely, though that is a step 
in the right direction, I do not myself believe that without very 
great difficulty he can ever arrive at a really practical method of 
construction while he adopts those rings; but, to carry out the 


principle to its fullest extent, I am satisfied the most easy and 
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simple way is to use wire. I know that that part of the plan of 


Captain Blakely as to the rings appears more practicable than the 





wire in rough active service; but I am quite satisfied that it is a false 


































notion; still J think he is quite right in persevering as he is now in 
allowing it to be introduced and getting the small end of the wedge 
in, because, after he has got that in, he will drive it home. 

With respect to the longitudinal strain on guns—by the method 
which I advocate of putting on the trunnions with a wrought-iron 
strap we overcome that difficulty altogether. We obtain, also, this 
great advantage, that it is perfectly easy to introduce between the 
breech of the gun and the strap a cushion of elastic material. This 
I did in the gun which I mentioned, though to a very small extent, 
and it is perfectly astonishing the effect that had in diminishing the 
recoil. As to the cost of these guns, I am satisfied from my own 
knowledge of these matters that it would be very considerably less 
than that of common ordnance. I trust that the Government 
advisers, having partially adopted the use of hooped cannon, will 
abandon the idea that it is merely a change of material—a change 
of cast-iron for wrought-iron, and seeing that the principle—viz. 
getting the strain uniformly distributed—is excellent, they will try to 
adopt that principle in wrought-iron hoops, and that, after that, they 
will go on and carry it out with wire. 

Vicr-Apmirat Sir G. Sarrortus.—I am afraid a shot striking the 
external part of the gun would cut the wire. 

Mr. Lonerivce.—There is no doubt that a gun of that construction 
may be injured by a round shot, but exactly the same thing may 
occur to one of the ordinary service guns; a shot may strike it, and 
knock the trunnions off. I should mention that in the construction 
of these wire guns I propose to put a strong sheet-iron casing round, 
so that no glancing shot should injure it; but 1 do think that the 
advantages to be derived from guns of this construction are so very 
great, that one may well put up with some degree of disadvantage, 
for we can get guns of that construction that can do the work that 
No other gun can do. 

Cox. THE Hon. A. Gorpon.—You might consider the coils of wire 
‘Ss an immense number of small hoops placed round the piece. 


Mr. Loneripce.—Certainly ; it is exactly that: and this mode of 
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construction fulfils perfectly and easily the mathematical condition 
involved in the theory. 

A Memeer.—On the external wire you would put a greater 
tension than on the internal wire, I presume. 

Mr. Lonermper.—In this cylinder [the 6-inch Bramah press] the 
first coil of wire has a'tension of 20 lbs., and upon the outer coil 
there is a tension of 60 lbs.; there is a certain law which regulates 
the increase of strain necessary, as Captain Blakely has explained. 

Captain Ryper, R.N.—Suppose the present experiments succeed, 
Captain Blakely, should you propose that all existing ordnance 
be turned down and iron hoops put on, or new ordnance made ? 

Captain Biakety.—I think all the present 68-pounders should be 
turned down and strengthened. The 32-pounders now in the service 
are strong enough, and do not require alteration ; still, if strength- 
ened, and bored out to 42-pounders, they would be more efficient. 

Captain Montaaur Hayes, R.N.—May I ask, as to the wire, when 
put on with a certain tension, would that tension remain the same 
after constant practice, when the gun has been heated several times ? 

Captain BLakeLy.—Only a very small degree of heat would pene- 
trate to the outside of the gun, certainly not so much as would be pro- 
duced by exposing it in the sun ona very hot day. Even if a shock 
very often repeated did take off some of the strain, enough would 
remain to be useful. For instance, the outside of an ordinary gun 
actually does only one-tenth of its duty. If it is put on originally - 
to take nine-tenths before the work comes at all, then, even sup- 
posing it loses four-tenths, still five-tenths remain ; and when the 
strain comes there is another teath, which makes up six-tenths 
instead of one-tenth, which it would be in an ordinary gun; so that, 
even if such a large portion of the initial strength were lost (supposing 
that were so, I say, though we have little reason to expect such a loss), 
enough remains to make a gun originally constructed so as to have 
the strain equally distributed throughout its mass, better than an 
ordinary cast gun. 

Mr. Lonaripce.—The loss of initial tension, by time and repeated 


firing causing stretching, would be imperceptible. 
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Captain NORTON exhibited a variety of Rifle Projectiles, in the 
invention of which he had been upwards of thirty years engaged, 
and to the production and improvement of which he had devoted 
his best energies. Captain Norton stated that he had submitted the 
merits of elongated shot and shell to the authorities at Woolwich 
long before they were adopted in France, where the invention has 
been ascribed to Captain Minié ; and that which has been considered 
a foreign exportation into this country, was in fact an exportation 
from this country into France. 

Captain Minié introduced the opinion, that it was necessary to 
expand the lead by plugs or cups; but Captain Norton stated, he 
had proved years before that the bullet required no such fictitious 
aid, as the action of the explosion of the powder was quite sufficient 
to force the lead into the spiral grooves of the barrel; the intro- 
duction of plugs being in fact merely a deviation adopted upon the 
recognition of the value of elongated shot. But, at the period when 
he first submitted his inventions to the military authorities, the im- 
provement of the firelock with which the British soldier was armed 
had received no consideration. 

Captain Norton proceeded to say, that from much practice in 
his youth with the sling, the bow, and the spear, he observed the 
greater penetration of the arrow and spear over that of a leaden 
ball projected from a sling, obtained by what he called direct con- 
tinuity of momentum ; he concluded from these results that an 
elongated form was the best also for a fire-arm shot, provided it could 
be made to fly point foremost, and, after numerous experiments, he 
found that a rifled barrel was the only means for obtaining that 
end, which he discovered in 1821, when serving in Southern India; 
but he reserved his discovery till his return to England, which was 
in the summer of 1823. Colonel Jacob, of the Bombay Artillery, 
who was educated at the Honourable Company’s Military Seminary, 
Addiscombe, after Captain Norton had made known practically in 
the Spring of 1826, at Addiscombe, the efficiency of his rifle per- 
cussion shell, has since proved that with his shell an ammunition 
waggon can be blown up at the distance of eighteen hundred yards. 

Captain Norton further stated, that in the year 1824 he completed 
an elongated rifle shot and shell, the former being precisely on the 
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principle of the present so-called Minié ball. In 1826 he superin- 
tended the trial of these projectiles at Woolwich, in presence of the 
Select Committee, and also at Sandhurst and Addiscombe, and in 
every instance with complete success. At Addiscombe he blew up 
an ammunition-box with the elongated shell, in presence of the 
Lieut.-Governor, &c. 

It was during these experiments that it was ascertained that a 
solid leaden projectile, of the cone or acorn shape, when fired from a 
rifle, will expand for half its length from the base, but will not 
carry its point foremost during the whole of its flight unless the 
centre of gravity be on the forepart of the shot. The base, being 
the heavier end, will, after the propelling influence has diminished, 
struggle to lead, and thus inevitably derange the accuracy of its 
flight; whereas the hollow shot, having the centre of gravity in the 
forepart of the shot, will invariably lead point foremost. 

Captain Norton then drew attention to some specimens of projec- 
tiles which were laid on the table. 

Rifle Fire-shot or Spinster.—This messenger is intended for 
blowing up ammunition waggons, bags of gunpowder, and setting 
fire to dry grass, or jungle. I have thrown one from a rifle of 
fourteen-bore to a distance of eighteen hundred yards and upwards, 
in the presence of many witnesses, at Monkstown, near Cork, about 
six years ago; the slow-match attached to its base is made very in- 
flammable by being saturated with a liquid paste made of gun- 
powder mixed with chloride of potass and sulphuret of antimony. 


er — 








Fig. 2. 
The screw which holds this match in the hollow base of the shot 
gives it stiffness, and preserves its correct shape. Finding this to be 


the result, I have inserted an iron screw or nail of cast-iron also in 


the hollow base of my elongated rifle-shot. (Figs. 1 and 4.) 
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These spinsters are best adapted to breech-loading rifles, such as 
Sharp’s American breech-loading carbine. 

Elongated Rifle-shot for Vertical Fire-—This shot falling arrow- 
shower fashion among troops sheltered from horizontal fire behind 
ramparts, strong buildings, and other cover, would much annoy 
them, particularly as modern soldiers have no defensive armour. 

Concussion Fuze-—About eighteen years ago, the late Lord 
Vivian, being Master-General of the Ordnance, having first pro- 
nounced my rifle-shell to be a perfect thing, added, “ What we now 
want is a shell of the spherical form, to be fired either from mortar 
or cannon not rifled, that shall explode the instant of striking a ship’s 
side; our navy want such a shell.” I replied, “I have been thinking 
of such a shell, and will do it if you will only give me a little time:” 
in less than three months after, I went to Woolwich with twelve 
beechen fuzes prepared with rivets after my plan; they were fixed 
in twelve 10-inch shells, and fired from 10-inch guns into two bulk- 
heads resembling the sides of a first-rate man-of-war, at the distance 
of twelve hundred and forty yards. Colonel Hardinge, R.A., was 
present, and kindly assisted me in fixing the fuzes in the shells. 
The Select Committee at Woolwich, after this successful experiment, 
reported officially that my invention of the concussion fuze was 
‘‘ simple, safe, and eflicacious; being well adapted for horizontal fire 
with high velocities.” 

Liquid-fire Rifle-shell—I charge this shell with phosphorus dis- 
solved in bisulphide of carbon, and hermetically stop it with a 
metal screw-plug for use. Mr. Wentworth Scott’s liquid is very 
powerful, but I do not know how it is prepared. Mr. Acklam, of 
Gravesend, branch editor of “ The Kentish Independent,” suggested 
to me to keep the two component parts separate in the shell till a 
few minutes before use, and this I do by turning the screw a few 
turns, which forces the bits of phosphorus into the liquid in which 
they are dissolved in a few minutes. 

Gossamer Seamless Cartridge—Extract of a letter from Major 
Hector Straith, Professor of Fortification at the East India Com- 
pany’s Military Seminary, Addiscombe, dated the 2nd November, 
1835 : “ Your second experiment, of firing entire cartridges from 


the carbine with the percussion caps of Manton, was successful in 
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every case, both with cartridges in paper and in linen; by this the 
motion of biting the cartridge being saved, time is saved in loading, 
and the entire charge, without the usual waste, is always delivered 
into the piece.” My present net cartridge is an improvement on the 
above ; in making it, the thin tough paper is first placed with its 
centre on the point of the mandrel or former, and the net in the 
same manner over the paper ; both together are then pushed into 
the tube-mould, the ends are drawn down, and the mandrel drawn 
out ; the powder or gun-cotton is then put in, and the ends of the 
paper and net are tied up. In preparing it for Sharp’s breech- 
loader, I place a little gun-cotton first in the lower end of the cart- 
ridge, and gunpowder over the cotton—the fire from the cap is sure 
to fire the cotton, but not always sure of firing the gunpowder 
through the thin paper. On firing this cartridge, the net is carried 
out of the barrel of the gun, and resembles a fine brass wire net: 


no residue whatever is left in the barrel of the gun. 





Whistling Rifle-bolt Signal—This is formed after the manner of 
the whistling-arrow used in England a long time ago, and now still 
in use in India and China. A letter rolled up may be placed within 
the shaft of the bolt, and the bolt can be shot from a rifle to the 
distance of twelve hundred yards across a rapid river, when no 


other means of conveying the letter can be used. 


Captain Norton exhibited several other of his curious and valu- 
able inventions, specimens of which may be seen in the Museum of 


the Institution. 











